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BASIN  PLAN  FORMULATION  CRITERIA 
SECTION  I - INTRODUCTION 


1 . PliRTOSF  AND  SCOPE 

Tho  purpose  of  this  jppen.iix  is  to  e;  ; licitiy  stflte  the  criteria 
that  will  he  useP  in  f or'”u  I at  i no  the  i-osin  Plan.  Scope  of  the  criteria 
.vill  he  sufficiently  broad  .r  to  be  useful  in  selecting,  desianina, 

evaluatino,  and  jusfifvino  alternative  soiutions  for  deve  I ODr"tent  of  the 
Pian  and  the  coriparin;  and  selecting  the  optimum  mix  and  scale  of  pro- 
iects  to  he  included  in  tnn  P|  jn.  i';-,vever,  tht  cope  will  not  be  so 
broad  that  it  encompasses  svel  'O"onts  and  plan'  that  are  not  relevant 
to  formulation  of  the  PI  am. 
d.  ASSUMPTIONS 

Assumptions  that  will  L'O  used  in  stating  these  criteria  vary  con- 
siderablv  in  scope  cond  origin  and  cannot  be  generalized.  As  the  various 
criteria  are  discussed  below,  relevant  quali''^vina  assumptions  will  be 
stated,  so  that  in  the  event  the  assumptions  become  obsolete,  the  need 
for  changes  and  the  extent  of  their  impact  will  be  apparent.  Preser- 
vation and  beau t i f i ca f i on  considerations  should  be  included  in  plan 
formulation  and  thoughts  on  this  are  introduced  in  Section  11  of  this 
append i x . 

relationship  to  other  PARTS  OF  REPORT 

This  appendix  and  the  criteria  contained  herein  constitute  an 
underlying  philosophical  base  to  the  entire  Basin  Plan.  Thus,  all 
parts  of  the  report  and  most  of  the  accompanying  appendices,  with  the 
exception  of  pure  physical  and  facTial  data,  are  predicated  upon  these 
criteria.  Fven  such  data  are,  to  some  extent,  interrelated  with  these 
criteria,  since  they  are  implicitly  present  in  fhe  data  collection  and 
screenina  process.  lable  P-1  summarizes  resources  and  planning  items 
found  in  each  appendix  and  a I so  states  the  agreed  units  of  measuremenf 
to  be  considered.  Thus,  there  is  a direct  relationship  between  the 
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sources Needs,  and  Structural  and 
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.'riteri.t  .in,J  r»o_t  r'li't  .'f  the  sumr'dry  report  dnd  its  append  i '.er . 

4.  PA  . IN  f'l  A-.  l'JLU  I Vi  - 

■enera  1 . The  objedive  of  this  compr  ehens  i ve  study  is  to  forrel.jte 
j plan  tor  tho  Jr-ve  I opmont  of  the  Esasin's  witer  and  related  land  resources 
that  will  provide  for  the  best  use,  or  combination  of  uses  of  these  re- 
sources to  meet  all  foreseeable  short  and  long  terri  needs  and  to  deterrdne 
the  best  means  to  accomplish  this  development  in  .j  timely  manner. 

a.  Intermediate  tiOdls.  In  order  to  translate  this  objective  into 
practical  working  criteria  that  c<in  be  used  in  the  project  formulation 
process,  it  is  first  necessary  to  develop  intermediate  goals.  Ir  i basin 
where  water  resources  development  is  limited  and  its  potential  can  be 
regarded  as  a scarce  commodity  nut  all  of  tfie  intermediate  goals  can  be 
achieved.  Thus,  the  competition  among  uses  for  resource  developments 
requires  comparisions  of  the  social  and  economic  benefits  and  costs  for 
alternative  development  .chemes  that  place  en.phasis  on  the  various  uses. 

In  making  such  comparisions,  it  is  imperative  that  all  tannibln  and 
intangible  benerits  and  costs  relevant  to  the  overall  objective  be  given 
due  consideration.  Since  the  establishment  of  arbitrary  priorities  which 
are  not  relevant  to  the  objectives  violates  the  desired  principles  out- 
lined above,  such  practices  will  be  avoided  unless  some  overriding 
objective  (such  as  national  security,  or  protection  of  public  health) 
requires  them. 

briefly,  the  intermediate  goals  of  this  study  are  to  develop  project 
plans  for  the  following: 

(1)  Adequate  supplies.  To  provide  adequate  municipal,  industrial, 
agricu I tura I , and  domestic  water  supplies  1o  accommodate  anticipated  growth. 

(2)  '.Vdter  qualitv.  To  provide  water  quality  contrc'Is  and  polluticm 
abdtemient  facilities  so  that  the  basic  ('•biective  of  providir.q  for  the  bcsi 
possible  combination  of  water  uses  to  meet  reasonable  needs  will  not  be 
impaired  by  controllable  waste  inputs. 

(3)  Hydroelectric  power.  To  provide  tor  dt've I opment  of  hydroe I ect r i c 
power  where  potential  e>i'  fs,  project*'  are  economically  fea*oble,  and 
reasonable  other  uses  are  not  unduly  impaired. 

(4)  I loovi  li.rr'iaqe  pr  event  i oi' . 1 ' proviele  ih'od  contri'l  and  flood 

provi’ri  I i or.  riie.isures  whi  re  the-,  are  .lesit'cl,  t'crinom  i ca  I I \ fe.i'.it  ic,  and 


u 


reasondble  other  uses  are  not  unduly  impaired. 

(5)  Land  treatment.  To  provide  for  use  of  land  within  ifs 
capabilities,  and  treatment,  with  practical  limits,  according  to  the 
chosen  use  to  p'"event  further  deterioration  of  soil  and  water  resources. 

It  can  include  structural  stab i I i zation  measures. 

(6)  Land  drainage.  To  provide  land  drainage  measures,  both 
urban  and  agricultural,  where  they  are  needed,  economically  feasible  and 
reasonable  other  uses  are  not  unduly  impaired. 

(7)  Watershed  management.  To  provide  watershed  protection 
measures  and  management  where  they  are  desired  and  needed. 

(8)  Outdoor  recreation.  To  provide  outdoor  recreation  oppor- 
tunities, where  feasible,  in  areas  with  identified  needs  at  a level 
consisient  with  general  social  and  cultural  requirement  standards. 

(9)  F i sh  and  wi Id! i f e.  To  provide  for  the  conservation  and 
development  of  fish  and  wildife  resources  where  feasible  and  at  a level 
consistent  witi  identified  present  and  projected  future  needs. 

(10)  Navigation.  To  provide  for  navigation  facilities  which 
are  beneficial  and  economically  feasible  additions  to  the  Nation's 
transportation  system,  including  recreational  navigation  im.provements 
consistent  with  the  increasing  recreation  needs  of  the  Nation,  taking 
into  consideration  other  values  which  may  be  destroyed  by  such  construct- 
i on . 

(11)  Other . To  provide  any  other  means  by  which  development  of 
water  and  related  land  resources  will  promote  economic  growth  and  develop- 
ment . 

b.  Long  Term  Goals.  To  provide  long-term  projection-,  >f  eionori-. 
development,  translation  of  such  projections  into  dor'.md-  tit  water  n : 
related  land  resource  uses,  projection  of  wat-  r av  1 1 I tl  i I 1 1 . ■ ot*  f. 
to  quantity  and  quality,  and  projections  of  r\'lt‘e-'  I tt  ; tf  .r  <■ 
ava  i I ab  i I i ty  , so  as  to  outline  the  character  i at  I , a pt  . ie  • i - . w 1 1 

and  related  land  resource  problems  .ind  ttu-  gencrril  irp'''  ;■  tr.t  ,,'^po  :t 
appropriate  for  their  solution. 


SECTION  II 


PRESERVATION  AND  BEAUTIFICATION 


1 . GENERAL 

The  need  is  recognised  for  proservetion  end  boiiuT  i f i c.j  t i on  in  waiter 
and  relafed  kiml  resource  planning,  ^md  consideration  stiould  be  aiven 
to: 

a.  F'rotection  and  rehaLi i I i lat i on  of  existing  'Aator  and  rel  itod 
land  resources  to  insure  ttieir  availability  tor  best  use  wtien  needi  j . 

b.  Mainteniince  and  use  ot  open  spaces.,  (ireen  belts  and  .ireas  aJjact.rit 
to  rivers,  lakes  and  reservoirs  tor  recreation  and  preservation  purpo  .re:  . 

C.  Preservation  and  manaqen'ent  ot  areas  of  unique  natural  beauty, 
historical  and/or  scientific  interest  for  the  inspiration,  enjoy"'  nt 
and  education  ot  ttie  people. 

The  over'ridini  determinant  in  t.e  I citing  'he  best  use  is  the  Il-bi  i nc 
of  the  people,  '.'.henever  objectives  conflict,  resolution  should  be  t'y 
reasoned  choices,  witti  full  cons  i dera  t i on  of  each  objective  and/or  preser- 
vation element. 

The  projects  and  related  elements,  suotr  as  roads,  vi'ritor  ar-eas, 
and  other  elements  which  surround  ttie  project  should  be  planned  to  tre 
aesthetic  assets  to  the  Basin,  State,  .ind  fiat  ion.  beau  t i f i cat  i on  should 
be  included  as  an  inteqral  part  of  the  desian  of  a pr'oject  in  th«.'  dearce 
appropriate  to  each  type  of  project  and  commensurate  witli  its  U'caticr, 
and  exposure  to  the  public.  I he  costs  for  such  beau  t i f i ca  t i rieasures 
should  be  included  and  identified  as  a re'ful.ir  project  cost.  ; i nco  it 
is  inherently  ir>ipossihle  to  evaluate  the  macnitude  ot  values  associated 
with  intrinsic  beauty,  recoanition  i.:an  only  t'e  provided  ttirouatr  the  con- 
sensus of  value  judament  ot  the  planiicrs  involved. 

SPECI  f u: 

With  regard  to  di'sign  of  any  particul  ir  witer  resource  ptc'jei  t,  ttie 
following  are  suiigestions  ot  .aectlietic  treatment  t"el.itire  to  sope  spec  i 1 i c 
construction  elemiMil:  , but  riel  liriited  to  t liose  listed  tvlow. 

a.  f'utilii  Accormuida  I i on-  . I tie  ti  I I ow  i n a tacilitio'  'hfll  t'o  pt  c''v  i ded 
tor  pul'lic  use,  wtiere  approfu  i a I : (I)  drinking  water  ; (.')  toilet',; 

( ’’O  Irasli  and  rut't'i  -ti  di'.po',.al:  and  (t)  witt'i'  craft  wi  te  di'iPc"  ■!. 


b.  Structures. 


(1)  Specialized  architectural  treatment  of  specific  project 
features  can  frequently  enhance  the  overall  appearance  of  the  project 
at  minor  added  cost.  Provisions  for  such  treatment  should  be  con- 
sidered in  the  planning  process. 

(2)  The  most  important  broad  objectives  +or  effective  land- 
scaping and  planting  are  (a)  to  break  the  monotonous  expanses  of  large 
buildings;  (b)  to  give  the  buildings  and  their  surroundings  character, 
and  reduce  the  apparent  scale;  (c)  to  reduce  air  conditioning  loads; 

(d)  to  provide  shade  and  wind-breaks;  (e)  to  reduce  noise,  dust,  and 
erosion;  and  (f)  to  make  the  areas  more  attractive  and  livable.  Indige- 
nous planting  should  be  used  to  reduce  project  maintenance  costs. 

c.  Embankment  and  Dike  Slopes.  Erosion  control  is  essential  and 
screening  by  planting  and  landscaping  is  advocated  where  practical 
and  technically  sound. 

d.  Contractor  Work  Areas.  These  areas  should  be  confined  to  the 
minimum  necessities,  planned  for  minimum  despoilment,  and  restored  at 
completion  of  project. 

e.  Quarries,  Borrow  Pits,  and  Waste  Disposal  Areas.  Those  that 
will  be  visible  or  may  become  visible  from  the  project  or  from  public 
roads  or  railroads  should  be  graded  and  landscaped  as  practicable  to 
restore  a natural  look  to  the  area.  If  such  areas  will  not  become  visible 
to  the  general  public,  they  may  receive  such  minimum  treatment  as  can  be 
provided  at  nominal  cost.  Waste  disposal  areas  should  be  chosen  to  mini- 
mize problems  of  restoration  and  screening  and  should  be  designed  to  avoid 
air  and  water  pollution.  Seeding,  sodding,  and  plantings  should  be  con- 
sidered where  appropriate  because  of  the  location. 

f.  Roads  and  Railroads.  When  these  are  being  designed  in  the 
project  area,  consideration  should  be  given,  where  possible,  to  more 
scenic  alignments  that  will  be  compatible  with  the  natural  terrain  and 
will  minimize  scars  on  the  hillsides.  Landscaping  of  roads  should  be  in 
general  accordance  with  the  American  Association  of  State  Highway  Officials' 
publication,  "Landscape  Design  Guide"  (1965). 

g.  Over  looks.  Particular  care  should  be  given  to  insuring  that  the 
best  possible  views  are  available  from  overlook  sites.  All  project  features 
visible  from  the  overlook  should  be  treated  fo  present  a pleasinq  appearance. 
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h . r I uodwjy  s Lh.jrine  I s . 

(1)  A I i .;ri"ient  . wtiure  fwcisible,  cato  should  be  exercise',*  to 
preserve  vegetation,  scenic  points  or  historical  buildings  that  may 
be  within  or  adjacent  to  channels  and  floodways. 

(2)  Slope  protection.  In  urban  areas,  slopes  should  be  turfed 
where  feasible.  Ahen  riprap  is  required  on  slopes  of  channels  used 
extensively  tor  recreational  boat  i rig,  consideration  should  be  giver. 

to  provision  of  turfed  or  paved  areas  on  the  inside  bank  of  bends  to 
provide  landings  tor  boats,  particularly  at  areas  otherwise  suitable 
for  recreational  uevelopment.  In  urban  areas,  consideration  should 
be  given  to  providing  walkways  along  channel  berms,  with  access  to 
street  level  at  bridges.  Suitable  sodding,  plantings  and  preservation 
of  trees  can  be  used  to  further  enhance  the  appearance  of  urban  channels. 

(5)  Spoil  piles  along  channels  should  be  shaped,  landscaped, 
and  protected  from  erosion  as  necessary  to  prevent  unsightliness. 

i.  Continuing  Maintenance.  Serious  consideration  should  be  given 
to  including  frequent  cleanup  as  an  i ter'i  of  required  local  cooperatior. 
for  channel  and  floodway  projects.  Channels  should  not  be  used  as  a 
dumping  ground.  Local  interests  should  also  be  required  to  enforce 
regulations  against  spillage  of  pollutants  in  streams  and  harbors. 

Regular  removal  of  debris  will  help  prevent  marinas  and  harbors  from 
becoming  unsightly  from  floating  drift. 

i.  Reservoir  Backwater  Areas.  In  connection  with  reservoir  pro- 
jects, potential  probler  areas  should  be  considered  in  backwater  reaches 
where  denudation  of  vegetation  and  deposition  of  sediment  create  unsightly 
conditions  and  possible  health  hazards  due  to  poor  drainage  and  related 
mosquito  problems.  Some  of  the  adverse  aesthetic  effects  of  the  reser- 
voirs could  be  eliminafed  by  ttie  construction  of  sub- impoundment  reser- 
voirs under  cooperative  arramem.ents  with  local  interests. 
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SECTION  III 

PLANNING  POLICIES  AND  PROCEDURES 


1 . ALL  VIEWPOINTS 

FUinning  policies  ond  procedures  will  consider  dll  viewpoints  - 
irationdl.  Regional,  State  and  local  - and  how  objectives  of  each  fit 
into  the  overall  study  objectives.  The  present  economy  will  be  described 
and  analyzed  as  well  as  fhe  past,  with  consideration  of  present  trends 
and  future  projections,  along  with  foreseeable  specific  economic  problems 
of  the  Basin  and  subbasins.  For  any  project  or  all  projects  proposed,  it 
wi I I be  shown  hew  ■;ontri butions  will  be  made  to  economic  growth  and  to 
the  well-being  of  the  people.  Relationships  shall  be  described  between 
all  facets  of  each  proposed  project  and  all  object! /es,  including  con- 
sideration of  alternative  proposals  and  with  due  consideration  for  environ- 
mental quality.  State  and  local  requirements,  future  growth,  and  national 
securi ty . 

2.  MULTIPLE-PURPOSE  PLANNING 

In  multiple-purpose  planning,  all  uses  and  purposes  shall  be  considered 
on  a comprehensive  basis.  Each  proposed  purpose  shall  first  be  reviewed 
with  relation  to  its  projected  needs  and  the  impact  of  possible  inclusion 
into  each  considered  project.  All  means  of  accomplishment  for  each 
purpose  shall  be  reviewed,  to  determine  the  desirability  of  meeting  the 
various  study  objectives  and  for  determination  of  a logical  choice  between 
development  alternatives  by  projects  singly,  in  combination,  or  by  aMer- 
native  non-project  methods.  The  plan  shal I cover  the  entire  Grand  River 
basin  and  will  fully  develop  the  possible  advantages  of  multiple-purpose 
water  and  related  land  usage,  reconciling  any  differences  arising  from 
competitive  uses.  The  Plan  shall  recognize  and  describe  fhe  relationships 
of  all  natural  resources  and  explicitly  take  into  account  the  interrelation- 
ships between  surface  and  ground  water. 

3.  INDIVIDUAL  PROJECT  PLANNING 

indivldu.il  project  planning  to  meet  s i ng  I e-purpos>.-  objectives  m.iy 
be  included,  where  feasible,  as  adjuncts  to  the  comprehensive  plan. 

Where  single-purpose  projects  help  meet  Las  in  objectives  and  do  not  con- 
flict with  or  preclude  other  measures,  they  should  he  included  in  the 
comprehensive  pi  jn.  wfic>n  an  individual  pi  eject  plan  does  not  clearly 


kc  


fit  into  a multiple-purpose  plan,  but  it  is  felt  that,  nonetheless,  for 
overriding  reasons,  the  project  is  required  and  should  be  proposed  on 
an  individual  basis,  the  reasons  for  proposing  to  proceed  independently 
shall  be  fully  discussed  in  the  Main  Report.  A full  discussion  will  also 
be  provided  on  the  impacts  that  can  be  foreseen  of  the  single-purpose 
project  or  multiple-purpose  projects  in  the  Plan,  as  well  as  existing 
and  potential  other  water  uses. 

4.  COORD  I NA n ON 

Planning  thru  all  phases.  Including  review,  shall  be  coordinated  with 
all  applicable  Federal  agencies  and  with  all  local  interests.  At  the 
outset  of  the  comprehensi ve  study  the  State  and  its  agencies  will  be  re- 
cognized as  representing  local  viewpoints,  except  in  cases  where  another 
designation  is  made.  When  the  final  report  is  developed,  cooperation 
will  be  requested  of  known  local  interest  groups  as  reauired,  in  seeking 
local  viewpoints,  and  full  consideration  will  be  given  to  their  responses 
in  preparation  of  the  final  report. 

5.  RELATION  TO  EXISTING  LAWS  AND  EXECUTIVE  ORDERS 

The  final  document  will  include  statements  on  the  aspects  of  the  Plan 
which  are  directly  or  indirectly  brought  about  by  conformance  with  or  any 
deviation  from  existing  general  or  specific  requirements,  laws  and/or 
executive  orders. 
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SECTION  IV 
PLANNING  CRITERIA 


1 . GENERAL 

Formulation  of  the  comprehensive  plan  will  reflect  full  consideration 
of  all  study  objectives  as  defined  by  Senate  Document  No.  97,  its  Supple- 
ment No.  1,  and  the  Interdepartmental  Staff  Committee  of  the  ad  hoc  Vlater 
Resources  Council  and  its  successor  now  known  as  the  Council  of  Representa- 
tives of  the  Water  Resources  Council. 

a.  Expectat i ons.  Formulation  will  be  made  within  the  context  of 
a projected  economy  based  upon  existing  knowledge  and  trends  and  the 
following  expectations: 

(1)  Expanding  economy.  During  the  projection  period,  1970  thru 
2020,  there  will  be  an  expanding  national  economy  wherein  there  is  a 
growing  population  and  a higher  standard  of  living,  increased  amounts  of 
goods  and  services  are  required,  and  needs  are  met  of  all  national  and 
international  commii  tments . 

(2)  Balanced  supply  and  demand.  During  the  projection  period, 
an  environment  will  exist  wherein  supply  will  balance  with  demand  at  an 
efficient  pattern  of  production  and  level  of  resource  employment. 

b.  Principle  of  Net  Benefit  Maximization.  Plans  will  be  formulated 
utilizing  the  principle  wherein  the  most  effective  use  of  economic  re- 
sources required  for  a project  is  made,  if  they  are  utilized  in  such  a 
way  that  the  amount  by  which  benefits  (tangible  and  intangible)  exceed 
costs  i s at  a maximum. 

c.  Permit  Timely  Application.  Plans  shall  be  formulated  to  permit 
timely  application  of  flexible  standards  and  benefits,  to  meet  conditions 
of  less  than  full  employment  for  the  Nation  and  in  particular,  in  local 
areas  where  there  is  chronic  and  persistent  unemployment  or  under-employ- 
ment as  determined  by  the  Economic  Development  Administration. 

d.  Include  Public  Viewpoint.  Ail  project  effects  fhat  encompass 

the  public  viewpoint  and  may  be  expected  shall  be  considered.  These  shall 
include  those  effects  fhat  are  beneficial  (favorable),  adverse  (unfavorable), 
short-range,  long-range,  tangible  and  intangible.  The  extent  to  which  such 
evaluations  will  be  carried  out  will  depend  upon  how  well  such  effects  can 


t'e  perceived,  isolrfe.i,  conv  rt’ d iff  t<-ir-.  n^it  perrit  ev.i  I u.it  ions 
of  comp  drub  i I i ty  . prefer  <[.' I y by  d<;  I I it  . . tie  entiie  project  forruleiicin 

process  will  bi.'  largely  e ic.irter  or  'ft.Msuri  n j , .v  ■ i ^ft  i no , ,ind  comparing 
alrernatives  to  d<.-tei  tr  i ne  ffu-it  itn.'.  in  c ■ :or.p  I i sh  i ng  tfie  ifesired 

object! ves. 

e.  Recreation  .mJ  I icfi  ano  tvildlite.  Full  i ons  i derat  i on  will  be 
given  to  recreatic'ti  vjnd  ti  ti  and  w i I ! I i fe  enti  iticement  and  developrient 
among  other  purposes,  as  set  forth  in  the  Fish  and  V.ildife  Coordination 
Act  (4c'  otat  . -'nj  I ^ as  imenijed ) ; Pijbl  i law  bg-72,  h'*th  '.doriGres:,  . I?20, 
approved  Julv  lOi''-  ,[,a  , ited  as  the  "loderal  '(■.tier  Project  Recreation 
Ac  ‘ " Plans  will  include,  at  varieus  level-,  -ietail,  the  recreation 
and  fish  and  wildlito  f-Kilities  re(]uired  to  insure  full  development  of 
recreational  opport  un  i t i cs  , consistent  -with  ptv,jected  needs  and  subject 
to  reasonable  allocation  of  reseurcc'S  among  laaitlictinq  purposes. 

f.  ?ite  Preservation,  consi  J-'-ra  I ion  will  be  given  to  anv  apparcr't 
urgent  needs  for  land  a,'auisifion  or  other  mt-lhods  of  sit'c  preservation 
in  advance  of  project  construction  and  such  considerations  will  ne  ti_- 
cussed  in  the  report. 

g.  A I ternat  i-,  c Plan  ~ . All  fi-chni  ca  I I y feasible  alterna.tive  plans 
and  sc  I ut  ions  to  meet  the  ft- ft.  rmi  ned  needs  will  be  considered  ana  reported 
upon  in  full  deta i I . 

The  final  report  will  '| early  describe  such  alternatives,  their 
anticipated  consequence-:,  arid  the  adjustments  made  to  the  adoptee  Flan 
to  settle  minor  d i f f eren,  which  were  resolved  by  compromise,  'where 
major  differences  exist  in  censiden'd  plans  and  intang ibU'  henefits  and 
these  differences  constitute  Mie  principal  variance  in  the  planned  objec- 
tives, eacfi  such  alternative  sh<ill  be  fully  wolqhod  ccnd  consensus  will  be 
attompfe-i.  the  development  of  such  .ilfernati\e  plans  bv  review  aufherities 
will  be  reported  to  only  if  if  is  clearly  impossible  to  .rtfain  Coordirating 
Comm i f tee  consensus  on  a plan.  Ilovvevo'  , it  f ioniticint  value  iudgmetils 
are  exerci  .ed  fo  obtain  a consoiv.us.  roqwirina  con>pr'on' i ses  t'otween  maxi- 
mi, -ine,  rf  tanjil'U'  ant  intinai'  Ic-  I'cni  li'--,  the  report  will  clear'K  state 
that  such  jud'imenfs  have  tw'yn  usd.  Inilial  comparison  of  alternative 
plan-,  will  II  t i I i ,-e  laimary  hciii  t i I ..  prin.  i pa  I I . re-or  I i n r fo  -:econdarv 


t'encfit  evdiujt’ions  for  resolving  of  differences.  In  weighing  socon:)ary 
benefits,  the  amount  of  such  benefits  attributable  to  the  meeting  of  any 
national  Objectives  will  be  explicitly  identified  in  the  benefit-cost 
ratio.  Also,  anv  portion  of  such  ratios  attributable  to  the  meeting  of 
State  or  local  objectives  will  be  identified  and  computed  in  a separate 
benefit-cost  ratio. 

2.  DEFINITIONS 

The  definitions  of  the  basic  terms  in  project  formulation  are  given 
be  I ow : 

a.  Project . Any  separable  integral  physical  unit  or  several  compo- 
nent and  closely  related  units  or  features,  or  system  of  measures,  under- 
taken or  to  be  undertaken  within  a specified  area  and  time  for  the  cont'-ol 
or  development  of  water  and  related  land  resources,  which  can  be  established 
and  utilized  independently  or  as  an  addition  to  any  existing  project,  and 
can  be  considered  as  a separate  entity  for  purposes  of  planning,  evaluation, 
financing,  construction,  management,  or  operations. 

Separable  units  or  features  will  generally  be  considered  as  separate 
projects . 

b.  Benef i ts . Increases  or  gains,  net  of  associated  or  induced  costs, 
in  the  value  of  goods  and  services  which  result'  from  conditions  with  the 
project,  as  compared  with  conditions  without  the  project.  Benefits  include 
tangible  and  intangibles  and  may  be  classed  as  primary  or  secondary. 

c.  Tangible  Benefits,  those  that  can  be  expressed  in  monetary  terms 
based  on  or  derived  from  actual  or  simulated  market  prices  for  the  products 
or  services,  or,  in  the  absence  of  such  measures  of  benefits,  the  cost  of 

fhe  alternative  means  that  would  most  likely  be  utilized  to  provide  equivalent 
products  or  services.  This  latter  standard  affords  a measure  of  the  minimum 
value  of  such  benefits  or  services  to  the  users.  When  costs  of  alternatives 
are  used  as  a measure  of  benefit,  the  costs  should  include  fhe  interest, 
taxes,  insurance,  and  ’her  cost  elements  that  would  actually  be  incurred 
by  such  alternative  means  rather  than  including  only  costs  on  a comparable 
basis  to  project  costs. 

d.  Intangible  Benefits.  Those  benefits  which,  although  recognized 

as  having  value  in  satisfying  human  needs  or  desires,  are  not  fully  measurable 
in  monetary  terms,  or  are  incapable  of  such  expression  in  f^Tzal  analysis. 


tjch  type  of  benefif  usually  has  a part  which  is  readily  measurable  and 
nay  have  a part  which  is  not  measurable  or  not  readily  measurable.  1 he 
signiticance  of  this  latter  part  shall  be  based  upon  informed  judgment. 

e.  Pf  imary  Benefits.  1 he  value  of  goods  or  services  directly  re- 
sulting from  a project,  less  associated  costs  incurred  in  reali?ation 
of  the  benefits  and  any  induced  costs  not  included  in  project  costs. 

f.  Secondary  Benefits.  1 he  increase  in  the  value  of  goods  and 
services  which  indirectiv  result  from  the  project  under  conditions  expected 
with  the  project  as  compared  fo  those  without  the  project.  Such  increase 
shall  be  net  of  any  economic  non-project  costs  that  need  be  incurred  to 
realize  these  secondary  benefits. 

g.  Economic  Costs.  The  value  of  all  goods  and  services  (land,  labor 

and  materials)  used  in  constructi ng,  operating  and  maintaining  a project 
or  program:  interest  during  construction  and  all  other  idenfitiable 
expenses:  losses,  I iabi lilies  and  induced  adverse  effects  connected  1 here- 

with, whether  in  goods  or  services,  whether  tangible  or  intangible,  and 
whether  or  not  compensation  is  involved.  Project  enconomic  costs  are  the 
sum  of  installation  costs:  operation,  maintenance  and  replacement  costs: 
and  i nduced  costs . 

h.  I nsta I lation  Costs.  The  value  of  goods  and  services  necessary 
for  the  establishment  of  the  project,  including  initial  project  construc- 
tion: land,  easements,  right-of-way,  and  water  rights:  capital  outlays 

to  relocate  facilities  or  prevent  damages:  and  all  other  expenditures 
for  investigations  and  surveys,  and  designing,  planning  and  constructing 
a project  after  its  author i zat ion . 

i.  Operation,  Maintenance  and  Replacement  Costs.  The  value  of  goods 
and  services  needed  to  operate  a constructed  project  and  make  repairs  and 
replacements  necessary  to  maintain  the  project  in  sound  operating  condifion 
during  its  economic  life. 

j.  Induced  Costs.  A I I uncompensated  adverse  effects  caused  hv  Ihe 
construction  and  operation  of  a program  or  project , whelher  tangible  or 
intangible.  These  include  estimated  net  increases  it  any.  in  fhe  cost 

of  Government  services  directly  resulting  from  fhe  project  and  ne1  adverse 
effects  on  the  economy  such  as  increased  transportation  costs. 


Induced  costs  may  be  accounted  for  either  by  • ■■ 

economic  costs  or  deduct  ion  from  prir.iry  t-ent  fif  . 

k.  Associated  Costs.  The  value  of  goods  and  .t.:  • 
those  included  in  project  costs  needed  to  make  The' 

services  of  the  project  available  for  use  or  sale.  A'.u..  , • -r^- 

deducted  from  the  value  of  goods  and  services  resulting  • r '■  : r • • 

to  obtain  primary  benefits. 

l.  Taxes . Allowances  in  lieu  of  taxes  or  taxes  foregone  /.ill  r 
be  included  in  project  economic  costs,  except  as  required  by  law. 

m.  Interest  During  Construction.  This  is  an  accrued  interest  that 

is  applicable  during  the  construction  period  (usually  longer  than  s year) 
until  the  project  (or  an  identifiable  portion  thereof)  becomes  available 
(in-service).  The  current  Federal  interest  rate  will  be  used  unless  non- 
Federal  monies  are  involved  and  then  the  applicable  interest  rate  will 
apply.  It  shall  be  computed  as  follows  in  preliminary  studies:  Current 

interest  rate  x 1/2  estimated  construction  period  x estimated  cost. 

n.  Supp I y . The  quantitative  measure  of  available  (existing  and 
immediate  programmed)  resources  for  designated  water  and  related  land 
uses.  The  unit  of  measure  varies  depending  on  the  use  of  the  resource. 

o.  Demand.  The  quantitative  measure  of  the  immediate  and  projected 
use,  both  expressed  and  latent  desire,  existing  within  the  popuiation. 

The  unit  of  measure  varies  depending  on  the  use  of  the  resource. 

p.  Needs.  Generally,  a quantitative  measure  of  the  difference  between 
supply  and  demand  which  can  be  measured  in  monetary  units  of  tangible 
benefits.  In  addition,  needs  may  also  be  established  independent  of  supply 
and  demand  relationships  and/or  the  benefits  cannot  readily  be  identified 
in  monetary  units.  A comparison  of  needs  in  monetary  terms  relates  the 
significance  of  the  individual  uses.  However,  where  monetary  units  are 
not  available  to  evaluate  needs,  a detailed  description  of  the  Intangible 
benefits  that  can  be  derived  in  meeting  the  needs  shall  be  included  in 
order  that  they  may  be  adequately  evaluated  with  the  fangible  benefits. 

3.  SPECIFIC  SETTING 

Each  project  will  consider  the  Grand  River  Basin's  present  and  future 
economy  as  set  forth  in  Appendix  0 - Economic  Base  Study.  Project  justifi- 


cation statements  will  describe  precisely  the  manner  in  which  the  project 
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will  meet  projected  needs,  will  help  and  promote  growth  and  well-being  of 
the  people  and  will  describe  project  effects  with  and  without  the  project. 
Further,  discussion  will  be  included  on  the  anticipated  consequences  to 
the  Nation  and  ttie  Basin  if  the  needs  are  not  met  either  completely  or 
partially  and  will  also  include  descriptions  of  any  other  possible  resource- 
improvements  to  be  expected. 

4.  BENEFITS  AND  COSTS 

Each  alternative  plan  will  be  formulated  on  the  same  basis,  with 
due  regard  to  a I I pertinent  benefits  and  costs,  both  tangible  and  in- 
tangible. Benefits  and  costs  will  be  expressed  in  comparable  quantitative 
terms  (dollars  when  possible)  to  the  fullest  extent  possible.  All  multir.  lo- 
purpose  plans  considered  in  formulating  the  comprehensive  plan  will  ccr>- 
sider  all  objectives  and  purposes  possible  and  will  be  selected  based 
upon  the  following  sequential  criteria: 

a.  Tangible  benefits  exceed  project  economic  costs. 

b.  Each  separable  unit  or  purpose  provides  benefits  at  least  equal 
to  its  costs. 

c.  The  proposed  scope  of  development  is  such  as  to  provide  the 
maximum  net  benefits. 

d.  There  is  no  rr.ore  economical  alternafive  means,  on  a comparable 
basis,  possible  to  accomplish  the  same  purpose  or  purposes  which  would 
be  precluded  from  deve lopmient  by  implementation  of  the  Plan. 

e.  In  sequence: 

(1)  Only  tangible  benefits  and  project  econon I c costs  will 
first  be  considered  to  establish  ,i  base  for  comparisen. 

(2)  Intangible  benefits  will  be  taken  into  account  and  plans 
adjusted  accordingly. 

(3)  Cnee  the  op  t i mur  - t .ang  i b 1 e-benof  i f plan  is  seloi.tod,  i*  will 
be  reviewed,  utilizirtg  intanaible  ions,  i tera  t i on , in)  adjusted  si'  a: 
take  into  account  the:.a  beru’fit 

Any  resulting  departures,  from  thi-  np  t imum- t arig  i t’ B -benet  i t pi, in, 
and  any  other  sped  il  uiaiu  idfr.it  ii.-.n  it,  ill  t.e  fuliv  docimu  ntod  in  the 
report. 

5.  TIME  Lctr.lDr.PAriQN.. 

a.  Construction  i,eeds.  ,d  the  ' resent  and  Up  to  fhr  Ye.i;  l‘^h‘'.  (talB'd 
''Immedi.jte  f.Jeeds"  i r,  tiori  V)  - I t'l  I I in  will  iiirntifv  oa,  ti  spec  i f i .; 
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structural  and  nonstructur.il  project  proposed  for  completion  or  ic'- r p I i ' f - 
ment  during  this  period,  together  with  a time  table  for  completing  tt.c  m.ajor 
e I ements . 

p.  Additional  Construction  Needs  to  the  Year  2020.  (Called  "Projected 
Needs"  in  Section  V)  - The  Plan  will  identify  in  more  qenc-ral  term.s  those 
measures  to  be  carried  out  in  two  periods:  I98S  to  2000  and  2000  to  2020. 

6.  INTLREST  RATE 

a.  For  project  investment,  evaluation,  allocation  of  costs,  cost 
sharing,  and  discounting  of  future  benefits,  the  then  current  Federal 
interest  rate  as  determined  by  the  Treasury  Departmen+  will  be  used. 

b.  Nor-Federal  interest  rates,  used  in  computing  associated  costs 
or  in  the  alternative  cost  method  of  estimating  project  benefits,  will 
confor'^  to  the  standard  practices  of  the  Federal  agencies  involved. 

ECONCi-'IC  life 

To  place  I u^^p-sum  capital  costs  and  annual  costs  on  a comparable 
basis,  capital  costs  will  be  converted  to  equivalent  equa I -annua  I -payment 
series  using  the  interest  rate  specified  above  and  an  economic  life  cr 
amortization  period  of  50  years.  When  warranted  by  special  circumstances, 
the  economic  life  used  tor  evaluation  purposes  may  be  extended  to  100  years, 
provided  a physical  life  of  the  facility  at  least  that  long  is  assured. 
Operation,  maintenance  and  replacement  costs  will  be  added  to  ihe  amortized 
rates  to  arriyc  at  equivalent  equal  annual  payments. 

8.  PRICE  LEVELS 

For  project  screening  purposes,  price  levels  prevailing  during  the 
month  of  February  I960  will  be  used  for  evaluating  construction  costs. 

a.  Costs . The  estimated  cost  will  be  prepared  for  each  prt>ject  r-- 
ported  in  the  study.  Included  in  the  estimate  will  be  the  proje-  t fit.t 
costs  for  each  function  or  objective,  with  appropriate  contingencv  allowances 
based  on  the  judgment  of  the  study  group,  giving  duo  cons  i der.at  i on  to 
accuracy  of  the  maps,  survey  data  and  other  data  used  in  the  preparation  of 
the  estim.ate.  The  estimate  will  include  the  cost  of  engineering  and  dorian, 
the  cost  of  supervision,  inspection  and  adm i n i st rot i C'n , and  ttu  cost  of  real 
estate,  of  acquiring  the  land  in  foe,  value  of  improvement'  . mineral'  . water 
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and  other  rights,  severance  damages,  resettlement  and  acquisition  costs. 
Any  additional  factors  adding  to  the  real  estate  cost  estimates  will  be 
identified.  Relocations  and  improvement  costs  will  conform  to  the 
standards  of  the  State,  County  or  City  where  the  facilities  are  located. 

b.  Benefits.  The  estimated  benefits  will  be  prepared  for  each 
project  reported  in  the  study.  These  will  be  expressed  in  the  physical 
measures  summarized  in  Table  P-2.  Benefits  will  be  evaluated  using  the 
"Interim  Price  Standards  for  Planning  and  Evaluating  Water  and  Land 
Resources,  April  1966"  recommended  by  the  Interdepartmental  Staff  Com- 
mittee of  the  Water  Resources  Council,  where  this  document'^  reccnmendod 
standards  are  not  applicable  or  the  price  is  not  given,  benefits  will 
be  evaluated  according  to  the  standard  practices  of  the  Federal  agencies 
i nvo I ved . 
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It  should  be  recoi^nized  that  the  supplementary  measures  are  furnished  as  illustrations  of  additional  data  which 
may  be  useful.  It  is  not  intended  to  limit  the  area  of  description  of  supplementary  data.  Use  of  any 
supplementary  physical  measure  wliich  is  considered  appropriate  is  encouraged. 
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VI.  P.  HYDROELECTRIC  POWER kw  (capacity)  10^  kw-hours  annually 


TABLE  i>-2  NOTES 
Benefit  CatcRory 
Definitions  - Physical  Measures 

Acres  Protected  - estimate  of  area  In  the  flood  plain  within  standard 
project  flood  limits.  Include  only  the  acreage  within  the  immediate 
drainage  area.  No  physical  measure  is  required  for  downstream  benefits 
accruing  from  reduction  of  malnstem  flow. 

Acres  Improved  Usage  - estimate  of  area  for  which  drainage  will 
result  in  usage  \-7hlch  will  produce  value  exceeding  the  detrimental  effect 
of  drainage. 

Miles  of  Beach  Protected  - estimate  of  length  of  shoreline  to  wtiich 
benefits  will  accrue  from  construction  of  shore  protection  structures. 

’’lies  Stabilized  - estimate  of  length  of  bank  to  wliich  benefits 
will  accrue  from  construction  of  bank  protection. 

Acre-Feet  Storage  - estimate  of  storage  available  for  allocation 
to  the  specific  purpose. 

Acres  Serviced  - estimate  of  acreage  \diicli  will  be  irrigated  as 
a result  of  construction  of  tlic  project. 

Annual  User  Days  - self  explanatory. 

Number  of  Poats  Each  Year  - number  of  boats  berthed  at  the  liarbor 
or  mooring  facility  for  the  recreation  season.  Day  use  from  launching 
ramps  will  be  counted  as  general  recreation. 

Increased  Fish  Catch  Annually  - estimate  of  increase  in  commercial 
fish  harvest  expected  to  result  from  project  construction 

Tons  of  Commerce  Annually  - estimate  of  increased  tonnage  of  commodities 
expected  to  move  into  or  out  of  the  improved  facility  (tonnage  which 
would  not  move  into  or  out  of  the  existing  facility  without  Improvement). 

Ton-'^Tilcs  of  Commerce  Annually  - estimate  of  increased  tonnage  of 
commodities  expected  to  move  on  the  improved  waterway  times  the  length 
of  the  improved  waterway. 

K i lowat  ts -Capacity  - name  plate  capacity  of  installation  which  correspond 
to  the  estimated  cost  shown. 

Note : On  those  projects  for  which  tlie  physical  measures  defined  above 

are  Inadeqviate,  the  information  furnished  should  be  supplemented  by  footnote. 

rill-  r.Jutnoteb  slioulii  [ireseiit  alternate  physical  measures  where  possible. 


SECTION  V 

CRITERIA  FOR  DETERMINING  WATER  AND  LAND 
RESOURCE  NEEDS,  BY  PLANNING  SUBAREAS 
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I . 1 C I PAL  AND  INDU'~TRI  AL  WATER  SUPPLY 

i.  ! hcu  of  [''('Ivri  in.ili  Ti.  D.;t  t ..n  nuiMcipil  v;  iter  u-o  '.•.ill 
De  obtained  fnmi  "Muni>.ir'i!  W.iter  FGcili'i(}s,  ] ‘CiZ  Inventory,''  pulDi  ; 

by  the  Depertti'ent  of  Hon  1 f h , Education,  and  rtelt.arc,  ,.upp  I er>'onte<:  froo 

St, a to  record  r,  >nd  invor(t.>r  ies  cor  p i h'd  f.  r the  f pi  at  1 :E.  '-M  I i nr  r 

Basin  (GLIRB)  project.  total  and  per  capita  U'-..aa>'  will  i>e  oit.iined  for 
each  con'nunitv  and  '..ur-;r.jr  i cod  by  planning  subare.is.  A breakdown  < f 
industrial  water  use,  by  Standard  Industriil  C I ass i f i cat ' cr  (SIC)  I'^d 
by  counties,  has  tieen  obtainei!  from  the  Burea'.j  of  "i he  Consuf  in  the  ‘'LI*-': 
project.  These  dat  i ire  for  the  year  sp  ilar  d.ita  f r 1op3  vv  I I ! 

be  obtained  trom  the  Census  i-ureau,  it  possible. 

b.  Immediate  Needs  (to  1Q.SS).  1 nvest  Ifi.it  ion  wll!  r-.i-jr  i'-.  to 

any  curtailment  of  crosent  use  due  to  i nadcqu..ite  supply.  Adfcuacy  of 
present  sources  will  a I so  be  appr.iised  with  reaard  to  drouaht  tlows  of 
surface  stream  supplies,  av.iiMble  storage  cap  icity,  and  dopen.Sil  l<  v i 1 d 
of  ground  water  aquifers.  The  extent  of  irbal  inro,  if  inv  , of  pre'.scr! 
supply  to  meet  deri'ands  will  be  est  i rr.itcd . 

c.  Projected  Needs  (IbSb  to  .?0."0).  Municipal  w.iter  demand  i ■: 
affected  by  the  followinq  i tslependent  var'iables: 

(1)  Population  served. 

(?)  'eneral  state  of  the  economy. 

(i)  Standard  of  I i v i nq  of  the  population  served. 

(4)  Rank  (with  respect  to  size)  of  popuLrfion  served. 

( 5 ) C I i mate . 

(6)  Price  of  water. 

(7)  Extent  of  metering. 

Because  general  rminicip,il  water  demand  is-  .iffecttn.  mo..|  by  the 
populition  served,  daily  w.iter  use  per  capita,  -ind  p.3',t  trend-,  i i’  per 
capita  use,  it  will  tie  determined  from  the'  reeoid'..  I’.i-t  rcic'ords  will 
1 1 so  he  studied  to  identify  fhe  influence,  on  poi'  r.if'it.i  factor-.,  et 
ftie  remaining  v.iriatili'S  in  the  .ibovi'  li  .l. 


Future  populations  to  t>e  served  from  municipal  water  systen”-,  in 
each  subarea,  will  be  obtained  from  the  economic  t>aso  study  which  will 
also  provide  an  outlook  for  ttie  future  regarding  such  factors  as  gener  il 
state  of  area  economy  and  standard  of  living.  Per  capita  factors  will 
be  selected  and  multiplied  by  the  projected  populations,  for  oacti  subarea, 
and  each  major  metropolitan  area  (demand  center),  at  time  intervals 
sufficient  to  define  the  shape  of  a future  demand  curve  to  the  year  2020. 

Future  municipal  water  needs  as  determined  by  the  foregoing  procedure 
will  include  that  portion  of  industrial  water  which  may  be  considered  as 
principally  popu laf ion-i nf I uenced , and  thus  a part  of  the  per  capita  use 
of  typical  communities.  Separate  studies  will  be  made  for  the  major 
water-using  industries  of  each  subarea;  those  industries  for  which  the 
water  demand  is  related  only  indirectly,  if  at  all,  to  the  pop  lafion  of 
the  area  in  which  the  industry  is  located. 

Industrial  water  demand  is  affected  by  The  following  independent 
variables; 


( 1 ) 

r roduct 

manufactured. 

(2) 

Manufacturing  process. 

(3) 

Amount  of  production. 

(4) 

Rate  of 

producti on . 

(5) 

Cost  of 

water  supply. 

(6) 

Cost  of 

waste  water  dispose 

Each  of  the  above  factors  will  be  examined  to  determine  its  effect 
on  the  basic  uses  of  industrial  water  supply,  cooling,  and  processing. 
Projected  growth  in  industrial  activity,  obtained  from  the  econonic  base 
study,  will  be  translated  into  estimates  of  accompanying  water  demand'  . 
Account  will  be  taken  of  expected  improvement  in  the  efficiency  of  wafer 
use  by  large  industrial  users,  i.e,.  increase  in  reci  rcu  I ri'f  i on  and  'fiui 
water-conserv i ng  practices. 

2 . FARN*  WATER  SUPPLY 

a.  Method  of  Determination,  Basin  farm  water  supply  need-,  .in- 
determined  by  applying  realistic  use  ra+es  to  proiecteii  unumbet-.  i-f 
livestock,  farm  population  and  I ibor  force,  ind  expected  n.-w  wit'a'-.-  i-- 
technology.  All  assumed  uses  and  use  rates  are  adapted  fron  h a f e r ' y ■■  ten  ■ ■ 


( 
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An.il_^is  t'l  '-'oot  Ch-ifini  nq  Condi  lions,  Anr  i cu  1 1 'jro  I Lngiriecring  Depori'-f.-nt , 
NMchi'idn  tjte  University,  Information  Ueries  15?,  File  iio.  IR.i5,  usi''!-; 
ju-Jorier^i  as  to  how  r.ipiJly  various  water-usin^j  tec^  no  I oo  1 es  will  Le  aaopted 
by  f arr*  oporators. 

b.  Immeciij+o  Needs.  immediate  needs  reflect  estirriated  (.urre-nt  use  by 
livestock,  popul  ifion  ind  labor  force  in  pr^'duciric  known  quant  it  ies  of 
agricultural  rredurts.  Account  is  made  of  livestock  loss  to  mortality, 
pesticide  spray-water  needs,  and  such  Incidental  farm  lumity  use  as  lawn 
and  garden  watering. 

Pro,iecfed  Meeds.  Projected  livestock  and  livestock  product  output 
is  converted  into  animal  numbers  by  class  of  livestock,  including  all 
necessary  young  and  non-producing  members,  and  expected  water-use  rates 
applied.  Differential  use  rates  are  assumed  between  rural  tarm  families 
and  the  families  of  hired  farm  workers  and  applied  to  projected  numbers. 

? . I PR  I GAT  I on  ivATER 

a.  Method  of  Determination.  Basis  of  determining  gross  demiand. 

(1)  Determine  moisture  deficiency  and  physical  yield  loss 
re  I at i onsh i ps . 

(a)  Correla+e  U.  S.  Commerce  Department,  Ueather  bureau 
(Palmer  area  weather  variables)  with  Statistical  Reporting  Service 
historical  yields,  ’'‘pis  ^vii|  pe  on  an  area  basis. 

(b)  General  estimates  for  differences  in  soil  moisture 
holding  capacities,  soil  texture  and  levels  of  production. 

(2)  te'ine  and  classify  existing  soil  management  groups  according 
to  moisture-holding  capai.  ity,  texture  and  productivity  level. 

(T)  Develop  irria.jtion  costs  on  an  "on  fomm"  basis  wnich  would 
include  only  the  3 i str i but i i-n  system  and  not  a water  source  cor*. 

Base  water  use  on  applic  tion  efticienev  and  ev'T.ice  historical 
moisture  Jet  I a i enev . 

(4)  budget  yield  ini.ro  ise  uk)  i;-=.;-ci  atod  w.itcr  distri!  .tion 

costs . 

(a)  !ofer'’int.-  ^.roppir,ij  pattern-  .ind  r-xirum  i.  ' eaces 
ot  soil,.,  econom  ica  I I o r.it  lo  to  i rr  I ;afi  -n  f'-r  iener.il  fi,  I-.'  vi  'p. 

(v.hi-ti  i ri<:  I iido  , potatno'-,)  'nr  u.u,  lit.o.ir  pr.  ;tam. 

( i.  ) ■ ■ i '!• ' I i k, . I V i t ■ i ! 1 1 i - n ■ f .pc  i I I . r , .p  . . 


Specialty  crops  include  fruit,  small  fruit  and  vegetable  crops, 

b . Immediate  Needs. 

(1)  Feasibility  of  irrigable  areas  will  be  mapped  under 
present  economic  conditions. 

(a)  Irrigable  soil  management  groups  will  be  identified 
and  located  from  county  soil  maps  and  placed  on  overlays.  A minirrium 
size  of  320  acres  would  be  delineated.  An  estimated  percentage  would 
be  used  as  the  basis  for  determination  of  each  major  management  group. 

Land  use  will  be  obtained  from  review  of  aerial  photographs. 

(b)  Acreages  of  each  potential  irrigable  group  by  land 
use  will  be  determined  and  identified.  These  will  be  measured  and  cata- 
logued in  each  evaluation  unit  and  for  each  subbasin. 

(2)  Source  and  cost  of  water  supply  will  be  determined. 

(a)  Storage  reservoir  sites  will  be  identified: 

I.  Using  present  Agriculture  and  Corps  of  Engineers 

inventory  data. 

Considering  water  yields,  evaporation,  transpi ra+icn, 
permeability,  seepage  losses,  etc. 

_3.  Determining  maximum  water  storage  volume. 

(b)  Location  of  ground  water  and  effective  well  yield  deter- 
mination for  irrigation  purposes  will  be  identified.  information  and 
data  will  be  obtained  from  U.S.G.S.  for  this  relationship. 

(c)  Effective  volumes  from  stream flow  and  inland  lakes 
will  be  determ i ned . 

(3)  Costs  and  benefits  will  be  compared.  Impoundment  storages 
and  streamfiow  reaches  will  be  determined  on  basis  of  zones  established 
on  maps.  Ground  water  will  be  determined  on  basis  of  g.p.m.  dependent 
on  depth  of  aquifers.  Pumps,  pumping  costs  and  transmissions  will  be 

i nc I uded . 

c . Projected  Needs . 

(1)  Feasibility  of  irrigable  areas  will  be  mapped  under  projected 
economic  conditions. 

(2)  Source  and  cost  of  water  supply  are  determined. 

(3)  Costs  and  benefits  are  compared. 


4. 


NAVIGATION  V.'ATLR 


a.  De+ern  i nation  . 

(I)  I '.“.tat)  I i :^h  the  General  description  of  the  waterv;,:,  :P.d  h-irbor 
including  stages,  conditions,  controlling  depths,  history  of  existing 
projects  and  improvenont'- , plannee  construction,  present  use  and  type 
of  vessels  using  ttie  fav'ilities. 

(z)  Analyze  navigation  needs  deterning  exten"^,  character,  and 
data  affectinc,  all  modes  of  transporation  for  the  area  including  compiling 
data  on  commod i '‘ies  produced  or  in, ported  and  hoiv  they  are  transported. 
CoRrpile  waterborne  cor^nerce  in  short  tons  both  for  existing  and  prospective 
traf  f ic. 

(3)  List  improvements  desired  by  local  interests,  source  and 
reasons  for  their  requests. 

(4)  Summarize  present  and  projected  use  of  the  waterway  by 
number  and  type  of  watercraft,  both  comimercial  and  recreational. 

(5)  Prepare  a plan  of  improvement  to  meet  the  needs. 

b.  I n-med i ate  Needs . Immediate  needs  for  commercial  shippinc  will 
be  based  on  desires  of  local  interests  and  on  a study  of  requirements 
and  anticipated  waterborne  commerce  for  the  harbor  and  +he  waterways  as 
determined  bv  economic  projections  of  population,  i ndus“^ry  and  com'-.erce. 

Recreational  boating  needs  will  be  based  on  desires  of  local  interest 
and  anticipated  use  as  detemrr.i ned  by  applicable  projections  td  the  economic 
base  study. 

c.  Projected  Needs.  Long-range  aoals  will  be  based  ori  pro.;ected 
waterborne  commerce.  Size,  capacity  ano  number  of  v-.^ssels  will  be  anal, zed 
along  with  other  factors  thit  jf'cct  wa*^er  ,ind  river  transDcr  Pr*  i , n *acili- 
t i es . 

5 . HY:)RQELECP-  IC  AND  THPRf.'AL 
a.  i-'ethod  of  Deter  i nati  on . 

(I)  drocJectr_i_c  Fowi'r  Flar^ts^.  Hvdroe  I ectr  i nowor  .land  ‘ 
several  important  advant.ioes  over  thermal  riant".  They  nei'*h,  r 
water  , nor  do  they  heat  the  waters  cd  rivers  and  strea'”s  witr  i t ' I ' ‘ 

of  causing  thermal  pollution  <rs  +herral  plants  do;  and  thev 
to  a i r pi.,  I I ut  i on  . 
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The  njintenance  costs  of  fiydroe  I ectr  i ■ plants  art.'  re  la  five  I y low 
and  in  rrany  cases  platits  can  be  designated  tor  autorriatic  or  reriotc 
contr'ol  operation.  The  ability  to  start  quickly  and  change  power  output 
rapidly  nake  hydroelectric  plants  particularly  suitable  for  carrying  peak 
loads. 

( a ) O'j  teria  for  Initia  1 Screening  of  Hydraulic  Feasibi! i ty 
ot  Hydroelectric  Power  Development . 

j_.  Conventional  Hydroe I ectr i c Projects. 

Genera  I Cr i ter i a . All  potential  hydroelectric 
power  sites  should  be  investigated  to  determine  their  physical  and  econorr-ic 
feasibility.  The  econorric  feasibility  of  including  hydroelectric  power 
as  an  added  purpose  of  multiple-purpose  reservoir  dev""lopment  should  also  be 
investigated.  A hydroelectric  project  screening  form  has  been  developed 
for  use  in  determining  economic  feasibility  of  a project  under  cons ideration. 

^ . Sped  f i c Cr  i teri  a . 

1.  Prime  Power.  The  r'lost  critical  streamflow 
period  of  record  should  be  used  to  determine  +he  prime  power  available. 

Prime  power  will  be  that  amount  available  over  the  critical  period,  from 
that  portion  of  the  yield  allocated  to  power  generation,  with  proper  adjust- 
ment tor  reduced  head  due  to  peaking  operation. 

2.  Average  Airual  Energy.  The  streamflow  period 
of  record,  adjusted  to  at-site  conditions  and  for  upstream  development  as 
necessary,  should  be  used  in  the  determination  of  average  annual  hydroelectri 
energy  potential  I v available. 

3.  Storage  for  Power.  The  power  drawdown  of 
storage  in  multiple-purpose  reservoirs  is  based  on  the  conservation  storaao 
provided  tor  municipal,  industrial  and  irrigation  purposes,  except  where 
economic  considerations  indicate  that  power  drawdown  storage  should  he  based 
on  an  amoun+  nreater  or  less  than  the  conservation  storage.  In  projects 
without  power,  a varying  amount  of  inactive  storage  capacity  generally  is  . 
provided  as  sediment  reserve  and  for  recreation  and  fish  and  wildlife  develop 
"len  t . Ihi.  inactive  storage  might  noe>1  to  be  i ncreased  in  order  to  assure  a 
r'irliwiur’  operating  head  for  economic  pow  ■ production.  In  general,  and  when 
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postilLIt',  tht>  oconor'ic  rdtio  for  power  is  produreo  .-.tif.-re  -tr'f 

'"ini"'ur’  he.iJ  idurinj  the  peok  load  sodson)  io  at  or  near  critiral  h- 
i.e.,  where  the  ^irdilify  at  rinipu'r  head  is  ecuol  to  installed 
In  any  event,  for  those  cases  where  the  minimum  head  is  Jirtated  by  P;-n- 
poses  other  than  power,  in  order  to  avoid  excess  i/e  cavita‘*ion  of  “ f? 
turbines,  fr-'  '^ini"ur  head  '.hould  not  ;e  less  than  6b  percent  of  t''*  r t ; 
head  ror  Pr.^nc  i s-‘y  pe  a.j'-bires  and  not  less  than  60  percent  o-f  t^e  ra-e; 
head  for  Ksplai — type  ^urbines. 

4.  Rated  Head  for  Hydraulic  Turbines.  Tor  tesiT- 
of  nydraulic  turbines,  the  ra+ed  head  should  be  based  upon  th«  a f-r;> 
head  during  th.  .ritical  hydro  period;  modified  where  recuire  . , ■ r-"  ' 
considerations  : v%here  reservoir  operations  for  other  wate:  wOdI: 

•dStablisn  a ''■ini'''.r  pool  level  much  below  critical  head,  w I *n  corrosp;  • 
i no  I V reduced  "-inimun  peaking  capability.  The  rated  head  is  cons  i derev': 
to  be  the  head  at  which  the  turbine  output  at  point  of  best  efM  ie"'y 
eoLials  the  rated  generator  caDucity  in  kilowatts. 

6.  Hant  Factor . For  screen  in  type  studies, 
the  plan+  ‘a^.tor  during  a critiral  vear  for  a power  plant  at  a resor.ri- 
will  be  assumed  to  be  ten  percent  based  upon  +he  assumed  dnrp-  : ; | 'ih\ 

This  will  defor"-ine  the  installed  capacity  to  bo  consider.--  me  t^is  i M 
later  bo  confir-ed  or  revised  as  a result  of  more  detailed  studies.  Th... 
plant  fact,'-  Tor  an  indisidual  plan+  may  ; I so  be  i ncrea- ■ : rnuir 

TS  an  e:.'--("i;al  s 1 %'t  nat  i y e previdinq  a reaula-^'r-;  re-'ir  r-. i r to  i r -n 
Out  dai  I peak  power  releases. 

• . I r ; ta  Me!  and  ?epe'~  d d.  I e 'ap  ac  i ‘ . 'r,-. 

peakin;  rapitil''.,  : : ; ■"  t'-'  "ini'-.."’  h.  i.aMiPlf  .b.ri-  ; 
of  *he  cr  ilidal  peri.,  d.  is  *c  b.-  ' nf,id,art  I a uepe-'dai  apa,if  \ . t ■ • 
cr-;  f',.;--  fir-"  ..neray  availifl-  *"r  -"f..  i-'.  nnt’  I.  ; I r ‘ • ■ . 

On  the  basis  t!,.;t  ‘‘-e  tiydr^elo'  fri,  pc.\t'r  p ' .•  w,  i.l  • rp.,  ' o.'  In  ,■ 

large,  interconri'  ted  system,  unit  i pe  i s I | . i-: 

rr?r  1 i t i p rip  cr  repljpemen;  reau  i remer  *■- . ''-t  > i pe  is  based  p-  .r^i 

dP'-id'",  ar  ; 'p<''  itird  .riteri.i.  ^'.'-'n  *^h.'  installed  ^ ap.K  i t . i p^'w.  r 

plant  1.  1)0  li'.  idol  into  an  i n i t i < I in.i  ultir-aTe  numta'r  .'i  jt'ntMat  i r ; 

jn  i ‘ , ‘ i •,  i T i . I i • r ( II  at  i pr-.  ,!'  ->1.  M b>:>  e . .'-''i'  i , ; I I ■,  p g j ; ; > _ • > . - 
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power  therefrom  being  considered  to  be  morketable  shortly  after  the  project 
is  put  into  operation. 

£.  Power  Va  I ues . At-mrket  values  for  capacity 
^ and  energy  are  shown  in  paragraph  (b)  below.  These  values  are  orly  for 

' use  in  screening.  It  more  detailed  power  studies  of  a potential  power 

installation  are  Justified,  more  precise  values  will  be  furnished  taking 
into  account  the  location  and  size  of  the  plant  with  respect  to  existing 
I transmission  in  the  area,  and  by  reducing  the  af-market  values  to  an  at-site 

bas i s . 

L^oad  Studies.  For  purposes  of  screeening  studies, 
detailed  investigations  as  to  the  earliest  year  of  usability  for  the  hydro 
in  question  are  not  warranted.  The  rapidly  grow  inn  loads  and  increase  in 
I interconnected  operations  make  it  possible  to  immediately  utilize  ail  of 

the  economical  conventional  hydro  potentially  available  provided  that  its 
installation  is  made  known  sufficiently  in  advance  to  allow  oostponerent  of 
! ;ther  scheduled  capacity. 

J e.  Lconomic  Studies.  Investment  costs  and  annual 

charges  should  be  computed  according  to  usual  crireria  based  on  current 
price  levels. 

f_.  Selection  for  Further  Study.  Power  facilities 
I',  which  reveal  a benefit-cost  ratio  ot  0.8  or  more  as  a result  of  screening 

; studies  should  be  analyzed  on  a more  detailed  basis. 

2 . Pumped  Storage  Hydroelectric  Projects, 
j £.  General  Criteria.  Pumped  hydro  storage  is 

unique  among  mefhods  of  electric  generation  in  being  debondent  upon  other 
power  sources  for  energy  supply.  It  functions  as  an  energy  accumulator 
, wti  i ch  stores  low-cost  off-peak  energy  by  using  such  energy  to  pump  water 

; I from  a lower  to  a higher  reservoir  from  which  the  water  con  be  returned 


through  tfm  turbines  to  generate  power  during  peak  periods  wtien  if  has 
capacity  as  well  as  energy  value.  Thus,  a prerequisite  for  such  develop- 
ment is  the  availability  of  low  incremental  cost  off-(,;eak  energy  for  the 
pumping  or  charging  cycle.  The  source  of  such  energy  will  almost  always 
be  from  thermal  plants,  rarely  from  hydroelectric  i nsta II  at i ons . 


Reduced  equipment  cost  brought  abeuf  by  the  .leve i oprr.eni  iri  recent 
years  of  the  revf'rsiblc  pump-tur.  i ne  "jn  i t , por’^iffir  fhe  pumping  and 


generating  onera+ions  to  be  corbinea  in  a single  rachine,  has  _cnTir.,te: 
significantly  to  the  economics  of  pumped  storage  installations. 

Spec  i f i c Cr  i ter  i a . The  following  genera  I I za'^  i or  s 
should  be  used  in  reconna i ssance  or  p re  I i i nar y evaluations  of  poss I b i I i r i es 
for  pumped-storage  insta I lations; 

1.  * head  of  at  least  150  feet  should  be  available 
befween  the  upper  and  lower  reservoirs. 

2.  Generation  of  about  f.OOO  kwh  per  kw  per  year 
may  be  assumed  as  typical  for  peak  load  operations,  unless  other  use  factors 
have  been  indicated  bv  appropriate  en+ities. 

3.  For  each  2 of  aeneraticr,  assure  ' '-.■■■  • 

pump i no  energy  reguired. 

Assume  pump  discharge  caracity  epual  to  ' . ■■ 
of  the  turbine  discharge  capacity, 

5.  Sufficient  usable  storage  in  the  upr-?r  rp'-.^r- 
voir  should  be  available  to  allow  at  least  a dai Iv  cycle  o*  generating  and 
pump i ng . 

6.  In  estimating  the  cost  of  a reversibh?  uni*, 
the  cost  of  a pump-turbine  and  generator-motor  may  be  assumed  to  be  about 
150  pemcent  of  the  cost  of  a conventional  tunbitie  nener.ator  tor  +we  head 

i nvo I ved . 

(b)  Cr  i ter  i a for  Initial  Screening  of  Eccru '•m  ^ ''asilility 

of  H,droelectric  Power  Peve lop"~ents . 

A-f-‘-‘arket  Cost  of  Alternative 

Steam-F I nctr ic  P^wer 

Pr(v^+r.  C+r.'.rv.-F  I + p ; - Cwc-J-,-r.  ( ^ Iti  ~ I r ' - ) 

Area  iraci tv  Cept  Fnerny  :'os * 

( $ / k IV  l ( i I I a / k VV  h ) 

Grand  River  Fasin  Study  -Ve.a  2?. 50  I . 'O 

Note;  Costs  dr  not  reflect  hvdroe  I ectr  i c advant.aac  cr  ener-av  p'-i  >l!y  •act-''''. 

When  utilizino  the  at-marive‘  c's^r  of  a I f “^rn  a t i c r .team-eh’  plard:.. 

th*=>y  should  he  associated  with  the  fi  Mowing  data; 

(1500  kw  rl;nt)  tiMprnativ^'  sti' >r I r>r  t r i c unit  M ze  : 750.000  kw 

Ccapif.al  costs  of  s f eam-e  I ectr  i r pl.an*'_:  TI50/k/w 

Alternative  sfeam-e  I ectr  i c tran'^m  i s i on  ; ’'.uf  1 1 c i *'n  • z.'.s  Pv 

circuits  • ‘r-arrmif  pl'-n*'  rijtpi,'  a di'M.an,*'  of  S;'  rd|."„. 


(2) 


Water  Requirements  for  Steam-Electric  Generation. 

(a)  General  Criteria.  Under  average  conditions  abo’J  + 

4900  Blu  of  heat  is  transferred  to  the  coolino  water  for  each  kilowatt- 
hour  generated.  Experience  has  demonstrated  that  the  most  economical 
plant  designs  provide  for  cooling  water  temperature  rises  of  I5  to  20 
degrees  Fahrenheit.  Based  on  an  average  temperature  rise  of  IS  degrees 
about  I00.2  acre-feet  of  cooling  water  is  reguired  per  million  kilowatt- 
hours  generated. 

(b)  Coo  I I nq  Pond . If  the  cooling  water  is  taken  ' rom,  and 
discharged  back  into,  a pond,  lake,  or  reservoir,  the  heat  in  the  circu- 
lated water  is  dissipated  to  the  atmosphere,  through  convection  or  induced 
evaporation.  The  water  that  is  evaporated  is  lost  to  the  air,  and  so 
becomes  a consumptive  use  attributable  to  the  power  operation.  This  amounts 
to  about  I.IO  acre-feet  per  million  kilowatt-hours  generated.  The  cooling 
pond  should  be  about  one  acre  in  size  per  thousand  kilowatts. 

(c)  Flowing  Stream.  If  the  cooling  water  is  released  to  a 
flowing  stream,  the  evaporation  loss  is  probably  somewhat  less  than  for 
ponds,  but  little  statistical  information  is  available  to  support  this 
supposition,  and  losses  are  conservatively  estimated  to  be  about  the  same 
as  for  ponds.  As  a rule  of  thumb,  the  minimum  flow  in  a receiving  stream 
should  be  at  least  twice  the  maximum  discharge  from  the  plant's  cooling 
system. 

(d)  Cool i ng-tower . In  cool i ng-+ower  systems,  evaporation 
accounts  for  about  85  percent  of  the  cooling,  and  there  are  some  water 
losses  because  of  spray  drift  as  a result  of  wind.  The  consumptive  uses 
at  towers  average  about  I .47  acre-feet  per  million  kilowatt-hours. 

(e)  Nuc I ear . Nuclear  plants  have  a slightly  higher  heat 
load  +o  dissipate  through  the  condenser  (using  current  design  standards) 
anci  thus  reguire  about  II9.6  acre-feet  per  million  kilowatt-hours  generated 
as  compared  with  I00.2  for  foss i I -f ue I ed  plants.  Consumptive  uses  are 
correspondingly  higher. 

(f)  Summary . All  of  the  figures  shown  above  represent 
hypothetical  conditions,  believed  to  be  about  average  for  the  circumstances 
fhat  would  be  encountered  in  the  United  States.  Obviously  there  are  many 
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v.ir  i .ib  I <‘s  ot  pi. in  I It-  i ;n  , I C") ' ' r , ■''  ' T-il  r.-:  ■ • I - ' i , ' ' •* 

'’’inht  cau’.r'  thf>  f i for  a spoci'ic  plant  to  V :ry  trastir.jl  |y  * ro’"  thopr- 

sunaestot  torp. 

b.  Iripipdiatp  ^4pp.Is.  I r-niec!  i ,tp  need',  ■.•.'ill  to  t a'sed  c electri':  : r 
reau i remont':  and  necessary  capacity  additions,  tak i ma  into  account  retire- 
'ipnts,  ppsprvps,  i ntprch.^nco  of  <^lectrical  enorc'.',  and  utilicim  tnp 
critpri-i  :ovproJ  unrfpr  par^araph  "‘fetf-od  c'  fji'-tpr"  1 ''.at  i on”  above. 

fro'.',  ted  ’iPft. . ' roje  .tp.i  needs  will  lp  based  on  forecasts  .f 

electric  power  requ i ro'npnt" , includinc  reserves,  loss  evis+inc  capacitv 
tak  in.q  into  accout  ret  i r.-'-'ents  . 
e.  bflTFP  jl'AL  ITY  COflTP'L 

a.  Method  'f  ;'e  for's  i nat  ion  . As  j'.pd  here,  the  f.--r"  , ",','ater  '.'j.ality 
Control  ‘jepds",  r fers  to  need'  fror  ^tr^aef  1 ow  and  r culation  of  uc 
flo'.v  , to  issi'^ilato  wastes  re"  air  ins  after  acco"D  I i sh-^ent  of  adeaa.afe 
•'■r.'.at'rent  !rvJ  other  r^e-t'-iois  o‘  control  I in-;  wastes  at  the  source.  '•* 
necessarv  tackcround  to  the  subject  is  the  cops  i derat  ion  of  other  eu-'ili+y 
control  neasures,  whi-h  include  exclusion  of  waste  rraterial  -jt  the  source, 
■and  collectiar,  insport,  an.l  tre-it'^ent  of  'w  iste-bear  i no  waters.  T"  i s 
t:ack-;roun:  .vi  N be  provifed  bv  -‘re  cor".Drehens  i ve  water  pollj-l-icn  control 
study  which  is  beina  '"ade  bv  the  -LlRB  Trcject  and  Its  ccoperatinn  aa-nci-  . 

The  locations  of  critical  poirfs  for  Quality  control  will  be  iden-'i- 
fied,  alonq  tta?  main  ste'r  from  Jac.,.^on,  ■’ichi.can  to  the  mout*  . 'on:ider- 
.^ticn  will  !e  liven  to  other  critical  points  on  +ributarie'  , i>  the  study 
fisc  I OSes  such  points. 

''trear-flow  reou ! rements  -.ill  he  determined  for  each  critical  r acb 
of  t^"  ■■trear’.  1+  i'  expecto  ; th.at  rai  nten.mce  of  .aderjuaf.  : I s I yep 
i-.xvQOn  t;i  support  fhp  desired  w itop  use  will  be  the  prir'arv  ou.ili+v  c'-.tr.ir- 
teri'Ctiu  thit  ooverris  flow  renu  i ro'"ents  . 

T' <'  ;e"- ind  hyiroorinh,  at  <r  critical  point,  will  I'p  defir.';  by  uf.iti’i'-; 

" can  "onthly  flew:  required  in  oa"h  ralendsr  month. 

Ability  of  c-i'..‘iri;  flow  to  "oet  fhi  ‘■'"'and  will  1 •'  r,‘ .c  a 

yes-no.  b.-vi-,  fv  o.-cnar  i ni  " iviru"'  renuir.'-i  ■‘low.  wit*'  ■‘he  sever  - lay  "ini"'." 
flows  ot  • pe.  Ifi.  Ir-'i,  cond  i f inn;-- , as  furtt'er  .d'tirusf.  T*'.'sr  floiv-  ire 

feterr"ined  l.y  .-irrivin:,  in  order  of  " v'ini‘’id",  the  lowe-.i  .iv.'ri-;.'  ‘Ii  ws  for 
.-.yen  (in>  ef  ‘ i '/(.  .|  .y'.  ip  rui.-'h  ye, IP  of  ,"er;orfl  , ploffiriQ  tt' i s flow  ys  perc  r‘ 
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probability,  and  drawing  a smooth  curve.  Plotting  positions  will  be 
calculated  by  the  formula,  R/N+1,  in  which  R is  rank  and  N is  the 
number  of  years  of  record.  Where  a gaging  stctlon  streamflow  record 
is  not  available  for  the  critical  point  on  the  stream,  interpolation 
from  the  nearest  record  stations  will  be  used. 

If  the  maximum  required  streamflow  is  less  than  the  7-day  flow  at 
90  percent  probability  (once- i n- I 0-year  recurrence),  it  will  be  con- 
cluded that  further  regulation  of  streamflows  for  quality  control  will 
not  be  required  at  that  point  - unless,  of  course,  the  streamflow 
regimen  is  altered  by  other  demands  on  the  resource  such  as  withdrawals 
for  irrigation. 

Where  flow  regulation  for  quality  control  is  required,  the  3 princi- 
pal variables  in  the  problem  of  estimating  the  amount  of  regulation  are: 

(1)  Degree-of-treatment  of  wastes. 

(2)  Protection  level  (Minimum  DO). 

(5)  Assurance  level  (Percent  probability  or  recurrence  interval). 

In  compliance  with  the  law  (Federal  Water  Pollution  Control  Act, 
as  amended)  degree-of-treatment  will  not  be  treated  as  an  independent 
variable  below  the  level  of  "adequate"  treatment. 

For  purposes  of  this  study,  adequate  treatment  is  defined  as  the 
best  treatment  wh'ch  has  been  demonstrated  to  be  attainable  in  full-scale 
experience  with  conventional  technology.  Degree  of  treatment  may,  in 
appropriate  cases,  be  varied  in  the  range  of  advanced  techniques  which 
have  been  demonstrated  on  a laboratory  or  pilot  scale. 

Protection  level  will  be  varied,  in  analysis  of  alternatives,  within 
the  range  2 to  6 parts  per  million  minimum  DO.  For  a final  answer  and 
proposed  plan,  a minimim  DO  will  be  adopted  after  completion  of  studies 
and  consultations  aimed  at  defining  specific  goals  to  be  met. 

A 6-step  procedure  for  defining  quality  goals  is  being  followed 
by  the  CURB  Project,  In  cooperation  with  the  Michigan  Water  Resources 
Commission  and  by  participation  of  various  other  groups.  Procedure  is 
as  fol lows: 
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(1)  Formulation  of  a general  statement  of  water  quality  policy. 

(2)  Selection  of  general  water  use  categories. 

(a)  Municipal  water  source. 

(b)  Industrial  process  water. 

(c)  Recreation. 

_j_.  Whole  body  contact. 

Partial  body  contact. 

(d)  Irrigation  water. 

(e)  Fish  and  aquatic  life. 
j_.  Tolerant 

Facultative 

Intolerant 

(f)  Wildlife  and  livestock  watering. 

(g)  Hydroelectric  power. 

(h)  Commercial  shipping. 

( i ) Coo  I i nq  water . 

(J)  Wastewater  assimilation. 

(k)  Aesthetics. 

(3)  Selection  of  significant  water  quality  parameters  for 
each  use  category. 

(4)  Setting  numerical  values  on  water  quality  parameters  for 
each  water  use  to  be  used  as  guides  in  establishing  the  goals. 

(5)  Delineation  of  stream  sectors  and  listing  of  present  and 
future  water  uses  to  be  accommodated  in  each  sector. 

(6)  Fstati I i shment  of  water  quality  goals  by  pairing  water  uses 

with  the  water  quality  required  for  such  uses.  In  this  process,  the 
aims  will  be:  widest  possible  accommodation  of  multiple  uses  of  a stream 

for  which  a need  is  identified;  and  maintenance  of  cleanest  water  attain- 
able at  reasonable  cost.  The  procedure  outlined  above  will  require 
definition  of  drought  flows  in  an  annual  "supply"  hvdrograph  for  each 
assurance  level  to  be  considered. 

b.  Immediate  Needs.  Immediate  needs  will  be  met  by  adequate  treat- 
ment as  defined  by  paranraph  "Methods  of  Determination."  Itegree  of 
treatment  may  be  varied  where  necessary  in  the  ranne  of  advanced  techni- 
ques which  have  been  demonstrated  on  a laboratory  or  pilot  scale. 
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c.  Projected  Needs.  The  determination  of  future  needs  relies  in  part 
on  the  translation  of  economic  and  population  projections  into  probable 
waste  discharge  which  can  be  expected  to  occur  as  a result  of  such  growth. 
Water  quality  moniforing  will  of  course  augment  this  information  as  to  the 
actual  situation  as  growth  occurs.  The  water  quality  needs  thus  determined 
will  be  met  primarily  bv  expanded  waste  treatment  facilities,  but  also  by 
[ additional  advanced  waste  treatment  techniques  as  the  latter  become  more 

technologically  and  economically  feasible.  Storage  for  water  Quality  con- 

I ' 

[ trol  will  be  considered  only  where  adequate  treatment  alone  cannot  provide 

I the  desired  water  quality  level. 

!~LOOD  CONTROL  AND  PREVENT  I ON 
a . ’Method  of  Determination. 

(I)  Define  flood  damage  reaches  and  flood  plain  areas  along  the 

'( 

1 river, 

(a)  Determine  land  use  in  the  flood  plain. 

(b)  -elate  land  use  to  value  and  to  a base  year. 

(2)  Relate  damages  within  each  reach  to  a control  (index)  point 
for  the  reach  and  estLablish  reaches  so  that  they  can  be  readily  grouped 
for  use  in  determining  benefits  for  a project  or  projects. 

(3)  Make  a flood  damage  survey,  ulilizing  and  updating  existing 
data,  i f aval  I ab I e. 

(a)  Fstablish  the  stage-damage  relationship  curve  (Curve 
No.  I - using  the  flood  of  record  and  higher  hypothetical  flood). 

j_.  ;.)etermine  maxirrium  stage  permissible. 

(b)  Establish  the  stage-d ischarge  curve  (Curve  No.  2,  using 
river  gages  ns  index  points). 

(c)  Establish  the  discharge-frequency  curve  (Curve  No.  3, 
using  the  Basin  regional  flood  frequency  study). 

(4)  Determine  average  annual  damages. 

(a)  Fstablish  tiie  damage-f requency  curve  (Curve  No.  4 - 
construct  this  curve  using  Curves  Nos.  I,  2 and  3 and  compute  damages  by 
measuring  the  .area  under  the  resulting  curve  and  converting  the  area  to 
do! lars). 
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(b)  Include  agricultural  flood  damages  which  occur  in  each 
reach  between  the  urban  arecas. 

(b)  Project  average  annual  damages  through  the  year  2020. 

(a)  iJtilii’e  methodology  for  estimating  future  flood  plain 

growth . 

(b)  Account  for  revised  runoff  conditions. 

(6)  Develop  methods  of  achieving  flood  damage  reduction. 

(a)  Through  control  - channel  improvement,  levees  and 
floodwalls,  reservoirs,  and  diversions. 

(b)  Through  restriction  (local  government)  - flood  plain 
zoning,  regulation,  relocation,  land  treatment,  and  flood  warning  system. 

(7)  Flood  control  for  upstream  watershed  areas.  Flood  plain 
areas  will  be  delineated.  Freguency  of  flooding  will  be  determined 
where  reconnaissance  indicates  the  economic  justification  of  control 
measures.  Alternative  m^'thods  of  control  will  be  investigated  for  physi- 
cal and  economic  feasibility. 

b.  Immediate  Needs.  Immediate  needs  will  be  determined  by  the 
fo I lowing  steps : 

(1)  Study  the  type  of  improvement  to  be  considered  for  flood 
control  and  prevention  such  as  channel  improvement,  floodwalls,  reservoirs 
or  a combination  thereof  and  provide  reasons  for  each  type  selected 

with  an  appropriate  decision  on  economic  Justification. 

(2)  Provide  supplemental  data  on  projects  that  were  studied 
and  found  to  be  technically  and  economically  desirable. 

(3)  Determine  the  proper  scale  and  scope  of  development,  the 
degree  of  economic  justification  and  the  equitable  sharing  of  costs  and 
responsibilities  of  Federal  and  non-Federal  interests. 

Flood  control  for  upstream  watershed  areas  will  be  based  on 
application  of  present  U.S.D.A.  policy  and  procedures  under  existing 
legislation  and  regulations. 

c.  Pro jocted  Needs . Future  flood  control  or  flood  prevention  needs 
will  t>e  t'ased  on  estimated  development  and  degree  of  protection  that  is 
exi'.fing  or  will  occur  bv  the  year  I‘i85.  Thi'  remaining  damage  areas  in 
fho  flood  pi  li’i  will  le  rt'-an.i  I yzed  following  tht'  steps  covered  under 

at -p  ar  1 ir  .t'h  " I rnm. ’d  i I f- ■ Need."  al'OVi’. 


Flood  control  for  upstream  watershed  ^reas  projected  needs,  will 
be  based  on  projected  farm  production  requirements  which  would  necessitate 
revision  of  present  U.S.D.A.  policy  and  procedures. 

8.  LAND  TREATMENT 

a.  Method  of  Determination.  Field  reconnaissances,  general  know- 
ledge, and  inspection  of  aerial  photographs  will  determine  land  treatment 
prob I ems . 

b.  Immediate  and  Projected  Needs.  Evaluations  will  be  made  to 
determine  the  immediate  and  projected  needs.  Studies  will  determine  the 
relationship  of  benefits  to  costs. 

9.  LAND  DRAINAGE 

a.  Method  of  Determination.  Areas  needing  drainage  by  virtue  of 
soil  type  or  position  will  be  identified  through  use  of  aerial  photographs 
existing  soil  surveys,  and  other  data. 

b.  Immediate  Needs.  In  those  areas  where  present  drainage  facilities 
are  inadequate,  evaluations  to  determine  immediate  needs  will  be  made 
under  existing  policy  and  procedure  to  compare  costs  and  benefits. 

c.  Projected  Needs.  Areas  with  inadequate  drainage  facilities  requ  i r 
i ng  the  installation  of  project  type  measures  for  outlets,  but  which 
cannot  be  installed  under  present  policy  and  procedure  will  be  evaluated 
under  projected  production  requirements  to  determine  future  needs. 

10.  RECREATION 

a.  Method  of  Determination.  The  needs  of  the  people  in  the  Etas  in 
and  tile  State  which  can  be  satisfied  by  the  development  of  land  and  water 
resources  provide  both  the  reasons  for  planning  and  tiie  scale  of  immediate 
and  utimate  development.  Formulation  of  the  plan  is  concerned  with  pro- 
viding facilities,  first,  to  meet  the  overall  Basin  needs  qeneratinq 
from  large  population  centers  and,  second,  to  meet  the  individual  subarea 
needs.  Requirements  will  he  formulated  on  the  following  assumptions; 

(I)  Base  year  for  the  study  is  established  as  19b0  and  the  cut- 
off date  for  related  statistical  material  to  the  study  is  established 
as  of  I January  I96fi. 


(J)  rinr  forf"ula+ior  a!  I I :e  t -jicd  oa  the  he'' t data  and  infor- 
mation available  durin;  t-e  stud-,  period.  I '^CO  Ail  I r a-  .s«-j  as  the  ha-e 
v-ar  and  the  year-.  TOOC,  ar-d  :'D;C  .!s  ^t-/  dates  ^or  projections 

and  planninn. 

(3)  Subaret  deterf^  i na"*^  ions  Aill  be  related  to  anreed  boundaries 
for  evaluation  unit,  to  facilitate  aa+'-erieT  of  s tat  i -.t  i ca  I data  and 
determining  needs. 

(d)  Gross  recreation  seeds  A-ill  he  determined  by  deducting  the 
total  existinq  supply  trom  total  - t im  *t-  ; Total  demand  aIM 

consider  the  contribu+ed  ••tfective  popu  I a'*'iGns  oriqinating  from  the 
subarea,  the  recreation  market  service  area,  and  the  tandard  ".trrpoli- 
tan  Statistical  Areas  (SMSA)  Aithin  a 7one  s-f  i--fluence.  Trimarv  deveiop- 
mert  plans  a- I I consider  the  at've  needs  based  o'  a regional  viewpoi'  t 
for  day-use  requirements. 

(5)  Bureau  of  ’utdoor  'Recreation  standards  and  criteria  for 
recreation  employed  in  developis;  fte  •latiosAidc  Han  Aill  be  used  unless 
there  are  compelling  rea-;ons  to  do  f • Ca  i . 

b.  Immediate  f.'ee'j-:  . The  imn.-tiate  qoa  I -s  of  t'e  ntud\  plan  aIM 
be  to  identify  if  an  imbalance  rvi^t-*  between  the  recreatio''  demand  and 
supply  for  SA.-m|na,  bs-atir-:,  Aater  skiin-j,  picnicking,  ,-amp  i nq , sigh  + - 
seoing,  • ature  a 1 1 •■  - , o-d  hikin-;  a..  * i v i t i . c •■ach  sut'area  a i tti  i n 

the  Basin,  [emand  aMI  be  based  o"  exi  tito  and  proje-:.*ed  :j'-.,rod  per 
capita  part  i : I p a*  i-qn  rates,  get. -r'- i ^ r-.m-  '’ppp,---  da*a,  applied 

to  the  prese-t  and  pr-.->lected  efte.+iyo  population  attributed  to  eac'' 
subarea,  such  recreatio’  demand's  Ail  I 1-e  determined  for  the  plcm-ing 
period  and  Ail  I be  def-ned  i'  term-,  of  recroitios  d.ay  needs  Per  activity. 
The  supply  resources  at  existing  ,jnd  identified  potential  outdoor  recrea- 
tion facili  + ies  and  as  ,nciat-->d  pro-aram  for  -I’  ids  I seated  outside  incor- 
porated 'jrban  places  of  . ,5-TO  inhaPitarts  or  more  a!  I I be  a'^’lv.'ed  *o 
determine  the  number  cf  developed  acres  and  th,-  dogre-.-  of  ^icility 
development  that  ex'  +s  r-r  will  occur  bv  the  year  I9B0.  The  imbalance 
between  demand  and  supply  will  determine  the  extent  and  decree  of  the 
total  unmet  needs  for  each  sub.irea  and  the  Basin. 


NEED  METHODOLOGY 

Formulation  of  recreation  acre  needs  by  subareas  for  selected  summer  activity. 


Immediate  Needs  - I960 
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Totjl  effective  population  (TEP)  is  3 composite  of  Standard 
Metropolitan  Statistical  Area  (SMSA),  non-SMSA,  and  recreation  service 
area  populations  that  will  utilize  the  recreation  resources  of  the 
study  area. 

Desi'jn  load  factor  (DIF)  is  a factor  used  to  convert  the  total 
annual  visitation  to  design  load  visitation  (DLV)  which  is  the  max- 
imum number  of  people  expected  to  use  an  area  at  any  one  time  on  a 
normal  summer  Sunday  for  which  facilities  would  have  to  be  provided. 
Participation  rate  per  capita  (PR/C)  is  the  number  of  occasions 
that  one  person  will  engage  in  a given  activity  dur’ng  the  summer 
recreation  season. 

c.  Projected  Needs.  The  long  term  goals  will  provide  projection  of 
potential  demand  and  supply  as  parameters  to  identify  the  unsatisfied 
needs  of  the  Basin.  The  timing  schedule  for  these  needs  as  well  as  a 
program  which  determines  the  most  feasible  means  of  meeting  the  recrea- 
tion needs,  will  be  made. 

I I . ^ISH  AND  WILDLirE 

a . Method  of  Determination. 

( I ) Cr i ter i a . 

(a)  Base  year  for  the  study  is  established  as  I960  and 
the  cutoff  date  for  related  statistical  material  pertinent  to  the  study 
will  be  established  as  of  1 January  1966. 

(b)  EstabI ishment  of  needs  will  be  based  on  the  most 
reliable  data  and  information  available  during  the  study  period.  The 
target  years  for  projections  and  planning  will  be  1980,  2000  and  2020. 

(c)  Subareas  will  follow  those  established  by  the  Economic 

Base  Study. 

(d)  Needs  will  be  expressed  in  terms  of  hunter-days  and 
angler-days.  This  is  the  accepted  means  of  equating  the  difference  be- 
tween supply  and  demand.  It  also  provides  the  planner  with  3 common 
denominator  for  predicting  the  various  types  and  amounts  of  habitat  to 
be  acquired  and  intensity  of  management  required  to  satisfy  future  needs. 
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(2 ) Assumptions. 

(a)  The  relationships  between  hunting  and  fishing  license 
sales,  and  human  population  and  hunting  and  fishing  opportunity  present 
in  I960  will  continue  to  exist  through  the  target  years. 

(b)  Latent  demand,  as  a factor,  will  remain  constant  in 
future  projections.  Satisfaction  of  existing  latent  demand  will  be  offset 
by  latent  desires  generated  by  a new  section  of  the  expanding  population. 

(3)  Demand . Determination  of  fishing  and  hunting  demand  is 
basically  a peop I e-or iented  procedure.  License  sales  are  the  most 
tangibie  index  of  hunting  and  fishing  demand.  License  sales  are  closely 
correlated  to,  and  dependent  upon,  population  and  opportunity.  Projected 
populations  are  available  from  the  Economic  Base  Study.  Opportunity 

to  hunt  or  fish  will  be  determined  by  a detailed  inventory  of  fishing 
and  hunting  hab i tat  ava i 1 ab I e in  the  Basin  for  the  base  year  I960.  Utili- 
zing data  from  projected  populations  and  projected  opportunity,  multiple 
regressions  will  be  developed,  which  determine  hunting  and  fishing  demand 
in  man-days,  for  each  subarea,  for  the  target  years  1980,  2000  and  2020. 
Estjr.ation  of  Huntinc  and  Pishing  Demand: 

(a)  The  percentage  of  total  subarea  population  having  a 
fishing  license  (or  hunting  license)  is  dependent  upon  projected  popula- 
tion per  square  mile  and  projected  fishing  or  hunting  opportunity  per 
capita  for  that  subarea. 

(b)  Percentage  of  total  population  having  a fishing  or 
hunting  license  multiplied  by  the  projected  population  for  the  target 
year  will  yield  resident  licensed  participants. 

(c)  Resident  licensed  participants,  plus  unlicensed  parti- 
cipants, adjusted  by  ingress-egress  travel  patterns,  will  determine  total 
partic i pants . 

(d)  An  expression  of  latent  demand  (increased  leisure  time, 
increased  hunting  and  fishing  facilities,  and  other  pertinent  factors 
influencing  the  hunter  or  angler  by  the  target  year)  will  be  added  to 
total  potential  participants. 
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(e)  The  number  of  total  potential  participants  times 
annual  participation  rates  per  participant  will  yield  gross  hunting 
or  fishing  demand  for  the  target  years,  expressed  in  man-days. 

(4)  Supp  I y . Determi nation  of  hunting  or  fishing  supply,  unlike 
demand,  is  basically  a resource-oriented  procedure.  However,  to  compare 
demand  and  supply  data  using  a common  denominator,  supply  data  will  be 
converted  to  average  man-days  use  per  acre  for  a particular  type  of 
hunting  or  fishing  habitat.  To  determine  near-future  supply,  it  will 

be  necessary  to  learn  what  fish  and  wildlife  programs  are  proposed  for 
completion  prior  to  1980.  Aft.er  this  date,  it  is  exceedingly  precarious 
to  predict  what  the  going  programs  will  be. 

Estimation  of  Near  “^uture  Supply: 

(a)  The  projected  changes  in  fishing  and  hunting  habitat 
will  be  obtained  for  the  period  1960-1980. 

(b)  Average  use  per  acre  of  habitat  times  acres  of  habitat 
created  or  destroyed  will  yield  increased  or  decreased  man-days  of 
opportunity  available  to  the  hunter  or  angler  in  1980. 

' (c)  The  opportunity  gained  or  lost  by  1980  will  be  added 

to  or  subtracted  from  the  opportunity  present  in  I960  to  determine  I960 
projected  opportunity  or  supply. 

(5)  Needs . By  comparing  projected  supply  and  demand,  an 
expression  of  future  needs  will  be  obtained.  The  relationship  in  each 
subarea  will  represent  either  an  improved  hunting  or  fishing  climate 
when  compared  to  the  1960  situation,  or  a need  for  additional  opportunity 
to  fulfill  unsatisfied  demand.  The  relative  amount  of  need,  when  comparing 
one  subarea  to  another,  will  furnish  comparative  priorities  for  planning 
cons i deration . 

Need  will  also  be  expressed  in  man-days  use.  The  planning 
administrator  may  then  match  projected  needs  with  the  various  options 
open  to  him  to  satisfy  these  needs  in  a manner  which  is  both  practical 
and  economical . 
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b . Immediate  Needs. 

(1)  The  result  of  gross  projected  demand  plus  or  minus  projected 

supply,  will  determine  subarea  needs,  in  user  days  for  1980.  5 

(2)  The  planner  may  find  that  additional  programs,  other  than  ^ 

those  presently  proposed,  will  be  necessary  to  meet  1930  needs. 

c . Projected  Needs.  • 

(1)  Since  most  agencies  will  be  unable  to  furnish  development 
programs  for  the  years  2000  and  2020,  it  will  be  necessary  to  determine 
needs  bv  a different  method  than  used  in  determining  near-future  (1990) 
needs . 

(2)  To  maintain  future  hunting  and  fishing  opportunitv  or  supply 
at  comparable  1980  amounts,  available  opportunity  per  capita  «ill  be 
projected  at  rates  comparable  to  1980,  for  2000  and  2020. 

(3)  The  increment  of  increased  demand  from  1980  to  2000  and 
2020  will  then  be  added  to  any  needs  which  exist  in  1980,  to  predict 
the  needs  for  2000  and  2020. 

(4)  The  planner  may  then  use  projected  needs  for  2000  and  2020, 
to  develop  long  range  habitat  acquisition,  lease,  or  management  p'^ograms. 
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SECTION  VI 


STRUCTURAL  AND  NONSTRUCTURAL  METHODS  OF 
PROVIDING  NEEDED  WATER  AND  LAND  DEVELOPMENTS 

1 . GENERAL 

Problems  associated  with  water  and  related  land  can  be  solved  by 
application  of  either  structural  or  nonstruct  .;ra  I f,o1'  us.  A combina- 
tion of  these  methods  can  be  employed  in  many  instances  to  solve  a water 
and  related  land  problem.  A structural  solution  to  a oroblem  exists 
where  a physical  structure  is  employed  to  alter  the  resource  for  a t'ene- 
ficial  purpose.  A nonstructura I solulion  to  a prot  h'm  exists  where 
a program  is  implemented  in  which  the  natural  occurrence  or  condition  of 
the  resource  is  utilized  for  various  beneficial  purposes.  Although 
many  solutions  are  designed  to  resolve  single  problems,  their  implemen- 
tation normally  offers  more  benefits  than  those  associated  with  the 
solution  of  a single  problem.  Although  considerable  data  and  informa- 
tion are  available  on  individual  solutions  to  problems,  it  Is  considered 
appropriate  to  include  a summary  which  briefly  describes  the  more 
familiar  types  of  solutions  to  these  problems. 

2.  STRUCTURAL  METHODS 

a.  Genera  I . Structures  used  in  solving  problems  associated  with 
water  and  related  land  resources  can  be  classified  into  two  categories. 
One  category  consists  of  those  structures  which  have  a control  I inq  effect 
on  these  resources.  The  other  category  is  comprised  of  those  structures 
that  change  the  natural  state  of  these  resources  or  the  conditions  to 
which  the  resources  have  deteriorated.  The  more  familiar  structural 
solutions  to  water  and  related  land  resources  problems  are  described  in 
the  following  paragraphs. 

b . .'.jter  Control  Structures. 

(I)  Re servo i rs . Reservoirs  of  various  sizes  can  be  constructed 
to  control  and  impound  water  to  serve  many  water  resource  needs.  Small 
headwater  reservoirs,  in  conjunction  with  other  engineering  measure^, 
are  effective  in  reducing  flood  damages  in  local  areas  and  river  reaches 


immediately  below  the  reservoirs.  However,  these  reservoirs  have  little 
effect  in  reducing  flood  damage  from  medium  or  high  flows  in  the  lower 
reaches  of  the  Basin.  Reservoirs  located  further  downstream  do  not 
reduce  flood  damages  in  the  fieadwater  areas.  All  sizes  of  reservoirs 
may  be  used  in  the  development  of  a plan  for  flood  damage  reduction  in 
the  Basin.  Reservoirs  are  also  an  important  method  of  satisfying 
recreation  needs.  However,  certain  characteristics  of  reservoirs  have 
an  important  bearing  on  their  recreational  value.  The  accessibility  of 
the  reservoir  in  terms  of  distance  in  miles  from  the  demand  area  and 
the  degree  of  difficulty  in  obtaining  access  to  the  different  parts  of 
the  reservoir  are  important.  The  shape  and  stability  of  the  water 
surface  affects  the  types  of  recreational  activities.  The  broad,  open 
type  lake  is  preferred  by  sailboaters  and  water  skiers  because  of  the 
maneuvering  room  afforded  them.  The  narrower,  more  winding  type  of 
lake  may  be  preferred  by  users  who  are  most  interested  in  the  scenic 
quality  of  the  lake.  Reservoir  fluctuation  affects  shoreline  activities 
such  as  swimming  and  the  maintenance  of  boat  launching  facilities. 
Characteristics  such  as  the  shoreline  features,  water  quality,  depth 
of  water  and  seriousness  of  obstruction  hazards,  climate,  and  quality  of 
fishing  affect  reservoir  use.  Reservoirs  may  furnish  water  supply  for 
the  purpose  of  municipal,  industrial,  domestic,  low  flow  augmentation, 
and  irrigation  use.  Water  quality  in  the  reservoir  is  pertinent  for 
each  of  the  above  uses. 

(2)  Local  Streamflow  Control  Structures.  The  purpose  of  channel 
improvement  is  to  improve  its  efficiency  to  carry  more  water  than  formerly, 
thus  reducing  bank  overflows  and  resu I ; i nq  flood  damages.  The  improve- 
ment in  carrying  capacity  of  the  s+ream  can  be  accomnlished  by  widening, 
deepening,  realigning,  or  paving  the  channel.  Benefits  can  also  be 
obtained  bv  cleaning  the  existing  channel  of  obstruction';,  debris,  or 
snags.  In  any  channel  improvement  'jcheme,  maintenan'-e  work  i I I be  regu  i red 
in  future  years  to  continue  the  full  effectiveness  of  the  improved  watei — 
way.  Channel  improvements  are  often  used  in  conjunction  with  levees  and 
reservoirs.  Levees  or  floodwalls  are  a means  of  controlling  f loodwaters 
within  the  channel.  The  confinement  of  the  flow  usually  raises  the 
height  of  floods  by  the  elim.inatiou  of  the  overflow  area;  therefore,  care 
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must  be  taken  to  alloA  for  this  increased  water  height  ir.  the  construction 
of  the  levee  or  floodwall.  Storm  and  sanitary  sewers  can  be  affected 
by  levees  or  floodwall',  necessitating  an  interior  drainage  review.  Bridges 
may  also  have  to  be  raised  above  the  levee  or  the  design  water  surface 
profile.  Roadways,  drains,  and  railroads  passing  through  the  levees 
must  be  brovided  with  closure  structures.  Greater  development  usual  I v 
occurs  behind  a levee  or  floodwall  because  of  the  implied  security  and 
a structural  failue  or  overtopping  of  the  system  may  result  in  greater 
damage  than  if  there  had  been  no  levee. 

c.  Ground  Water  Facilities.  Ground  water  comprises  a major  source 
of  water,  but  has  limited  uses  in  its  natural  state.  The  most  commori 
structural  facilities  necessary  to  extract  and  utilize  ground  water 
supplies  are  pumps,  pipe  lines,  and  water  storage  tanks.  Ground  water 
supplies  are  used  extensively  to  meet  irrigation,  municipal,  and  indu.- 
trial  water  supply  needs.  A problem  that  may  arise  from  utilizing  exten- 
sive amounts  of  ground  water  supplies  is  (<epletion  of  the  supplies. 

Plans  mav  be  necessary  to  recharge  ground  water  supplies  to  prevent 
depletion.  Planning  for  increasing  the  rate  of  ground  water  replenish- 
ment would  focus  on  shallow  aquifers.  Replenishment  of  water  in  areas 
of  concentrated  pu.ipuge,  if  feasible,  would  reduce  the  rate  of  water 
level  decline  and  improve  the  water  yielding  capacity  of  existing  well'. 

In  the  future,  the  rate  of  recharge  of  these  shallow  aauifers  may  determine 
the  quantities  of  water  which  can  be  withdrawn  on  a ccntinuina  baos. 
f’easures  used  to  replenish  these  aauifers  can  be  divided  i"to  eit'er 
natural  or  artifi-  iai  recharge.  h'  bmth  types  of  rechara«-,  1^  is  imf  r- 
tant  to  know  the  location  of  prime  natural  recharae  areas,  f.a'turni 
recharge  rates  can  be  increased  through  -t-be  use  of  :oi  I ccnserv-T^  ’ 
techniques.  Mulches  and  irns'  that  Drcter*  t'le  sr  i I ■* 

of  rain  and  retard  overland  flow  al  sj  : -it  increase  the  i-'M^ri-*'  ’ >f 
water.  Ground  water  can  be  rep  I r- i h<-d  irtifiri  ill’,  as  wM  • "itur-ll.. 
The  three  principal  'wr+n.  j i f artifi.-k-il  rectarn-*  are  wat-  '-  : ••‘ir’  ;, 

seepage  pits,  a' d in'erti',n  well  . Indu''d  i- filtration  fr:."  ‘ri'-tw-,  ; 
pumpin<i  frem  neartiy  well-:  and  t>v  in-  re.asinri  the  water  c-'-’ta  ' tr-'  a 'f 


stream  are  other  met'  sf  artifi-  ial  re.-h  ir  te. 


T '■ 


P 


of  the  area  could  determine  which  method  would  be  used.  High  land  costs 
in  the  -rbanized  parts  of  a metrooolitan  area  would  promote  the  use  of 
pit  and  injection  well  methods  which  require  liftle  land.  Spreading 
methods  which  require  more  land  would  more  likely  be  used  in  rural  areas. 
Whatever  the  method,  artificial  recharge  usually  requ i res  facilities  to 
(a)  obtain,  treat,  and  transport  the  water  to  the  recharge  area;  (b) 
inject  the  «ater;  and  (c;  provide  disposal  of  any  excess  water. 

d.  Improved  Treatment  Facilities.  The  greater  portion  of  the  water 
used  is  returned  to  the  various  sources  for  reuse.  Thus,  along  the  river, 
each  successive  downstream  community  reuses  a portion  o+  the  flowing 
water  time  ana  again.  Each  use  of  the  water  may  add  pollutants  to  the 
water.  The  pollutants  are  added  in  varying  amounts  depending  on  the 
treatment,  or  lack  of  treatment,  and  the  efficiency  of  the  treatmen-^. 

The  growth  of  urban  areas  and  the  concentration  of  industries  around  them 
is  increasing  the  concentrat ion  of  comclex  chemical  pollutants  from 
commercial  and  industrial  operations.  Chemical  pollutants  create  a 
nuisance  because  of  the  inability  of  existing  treatment  processes  to  re- 
move them  ef  ■'^ect  i ve  I y . Present  treatment  methods  now  remove  only  75  to 
90  percent,  each,  of  the  suspended  solids  and  the  biochemical  oxygen 
demand.  Little  of  the  total  nitrogen  and  phosphorus  content  is  removed. 

As  communities  become  more  densely  populated  and  intensely  industrialized, 
higher  degrees  of  waste  treatment  will  be  required  to  limit  the  amount  of 
pollutants  being  discharged  to  natural  streamflow. 

e.  Structural  Land  Treatment  Solutions.  Land  treatment  structures 
enable  the  maximum  yields  of  the  land  and  water  resources  to  be  realized 
without  deterioration  of  these  resources.  The  application  of  land  treat- 
ment structures  would  have  significant  c^-^ects  on  reducing  runoff,  erosion 
and  sedi'^enf  in  a watershed.  Principal  str.j'tural  methods  employed  in 
land  treafment  are  tile  tields,  open  dit.hes,  sewem,  grading,  tree  lining, 
riprappinq,  crop  cover  and  terracing. 

' . N'  /r.TRUCTi  ;RA|.  METHODS 

a.  Gene'a 1 . Nonstructura 1 methods  of  meetinn  water  and  related  land 
needu  Dc  .,a*'eq(-'.ri  zr  1 into  various  leai  si  ati  ve,  educational  and  managerial 
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programs.  Nonstructural  methods  are  developed  from  orgjri^’ed  researr^' 
and  planning  efforts  that  lead  to  specific  plans  consisting  O'*  contr-  I 
and  restrictive  measures  which  are  implemented  through  i rf  ormat  i on,j  I jr.d 
enforcement  procedures.  The  more  familiar  nonstructural  solutions  to 
water  and  related  land  resource  problems  are  described  in  the  tol lowing 
paragraphs . 

b.  Legislative  Programs.  Wafer  and  related  land  needs  can  be  met 
through  the  legislative  powers  of  the  Federal,  State  and  local  governments. 
Through  fhese  powers,  laws  and  regulations  can  be  adopted  that  insure  that 
the  health,  safety  and  welfare  of  the  public  are  m.aintained.  In  addi-^ion, 
adequate  but  strict  procedures  should  be  established  to  enforce  these  pro- 
grams. The  more  urgent  legislative  programs  needed  to  solve  water  ar  1 lard 
lesources  problems  are  in  establishing  water  quality  standards,  regu!  virg 
flood  plains  and  preserving  lands  for  future  public  deve ! op'^ent . Water 
quality  standards  can  pe  adopted  for  water  resources  based  on  various  uses 
of  these  resources.  As  specific  locations  of  water  resources  are  plan~ed 
for  designated  uses,  either  for  the  present  or  future,  the  water  quality 
standards  adopted  for  the  uses  can  be  applied  to  the  locations.  This  will 
insure  that  the  quality  standards  of  the  water  resources  are  protected  and 
maintained  for  their  designated  uses.  Flood  plain  regulations  can  be  an 
effecfive  measure  in  relieving  problems  associated  w'th  floods.  l^looJ 
plain  use  can  be  regulated  by  various  means,  such  as  encroachment  lines, 
zoning  ordinances,  subdi'.  i.ion  regulations  and  Luilding  codes.  *'lood  olain 
reg„lation  does  not  attempi  to  reduce  or  eliminate  *|oodina,  but  rat^’cr  to 
minimize  potential  * 1 cod  damages.  This  is  accomplished  through  regulating 
the  development  ■‘■hat  can  take  place  within  the  *lood  plain,  f lood  p!  sin 
regulation  also  insures  the  safekeeping  of  property  ■'or  t*^e  publl  ‘‘lealfh 
inJ  welfare  and  the  best  use  of  the  available  land. 

Lducat i ong I Programs.  Lducational  programs  provide  valuable 
assistance  in  understanding  problems  associated  with  resources.  Educaticn.il 
programs  can  be  classified  as  an  informafive  rather  than  a correiti-vo  or  < 
prevent  ifive  measure  in  solvintj  resource  problems.  Many  prohlen',  associated 
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with  resources  can  be  avoided  through  well-planned  educational  procrans. 
These  programs  can  be  developed  and  imp|emen-^ed  by  Federal,  Sta'^e  and 
local  governmental  entities  or  by  private  organi rations.  Educational  pro- 
grams could  be  carried  out  through  meetings,  printed  'Material,  and  radio, 
film  and  television  media.  The  personal  aspect  of  meetings  provides 
significant  assistance  in  relating  in  laymen's  terms  the  complex  problems 
associated  with  development  of  resources  to  the  local  officials  and  the 
general  public.  Printed  material  such  as  books,  pamphlets,  and  magazine 
and  newspaper  articles  also  provide  a means  of  educating.  These  materials 
would  provide  a concise,  factual  and  informative  presentation  of  all  aspects 
of  the  various  problems  and  solutions  associated  with  resources.  Another 
important  phase  of  effective  educational  programs  is  utilizing  radio,  film 
and  television.  The  large  exposure  to  the  public  by  these  means  offers 
the  greatest  potential  in  resource  education.  The  major  value  of  an 
educational  program  is  that  it  aids  the  public  officials  and  the  general 
public  to  understand  the  problems  associated  with  resources  and  to  become 
more  appreciative  of  the  complexity  of  these  problems.  An  informational 
program  also  provides  for  a more  informed  public  which  would  be  more 
responsive  to  plans  developed  by  the  Federal,  State  and  local  governmental 
entities  given  the  respons i b i 1 i + i es  of  resolving  resource  problems. 

d.  Management  Programs.  An  effective  resource  management  programi  is 
characterized  by  its  well-planned  objectives  understood  by  all,  a balanced 
organization,  sound  procedures,  qualified  personnel,  adequate  resources, 
performance  standards,  and  an  effective  appraisal  of  results  proceeding 
from  the  program.  I he  purpose  of  a resource  management  program  is  to 
develop  the  most  efficient  organizations,  methods,  and  procedures  that  will 
produce  the  optimum  return  on  the  available  resources.  Institutions  that 
can  implement  resource  management  programs  are  at  all  levels  of  Federal, 
State  and  local  governments  as  well  as  private  orga n i zat i ons . The  more 
familiar  land  and  water,  conservation,  regulatory  and  monitoring 
resource  management  programs  are  described  in  the  following  paragraphs. 

(I)  Agricultural  Conservation  Management.  Agricultural  conse""- 
vation  management  programs  encourage  land  and  water  uses  ‘■tat  will  yield 
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i"'DroveJ  .inJ  r ret^.rns  Ai+hout  de  ter  i orat  i ' * •'•■ 

resources  to  trie  peop ' e ot  the  Basin  anr  the  rjatlon.  The  use,  +rei-^- 
rent  and  nanaoenent  ot  all  lands  in  the  EJasir  nave  pronounced  e**e:*u 
on  the  Aater  resources,  as  land  is  the  Mrst  i ncrec'en*  on  ->r 

upland  watershed  pr^grar  is  developed.  Conservat i jn-'-ee u i.  .'.ri'-s 
place  enphasls  -r  r uce  lerat  i -■  c the  application  o*  land  * 

reduce  runof',  erosion,  and  sedi"T'nt  production.  Peducinc  e<  I-  * 
acceptable  li'^its  will  reduce  the  accu'',  1 at i on  ot  sedi^en-*-  in  .-3nr.,.|  _ 
Contour  farting,  cons.ervat  i on  , rotation,  and  pasture  i"p''..vt  ■* 

techniques  should  be  applied  to  those  lands  sui+ed  'or  a :r  i I * f’ . 
Cleared  land  which  is  not  suitable  tor  c.  1 1 1 va t i on  or  pas*-re  st^.l; 
be  reforested  to  irprove  the  watershed  and  the  aesthetic  app-  :!  • f ■ 

area.  Land  treatment  practices  include  <Jra  inage  of  excess  w.:‘'er,  w’  ' . " 
allows  more  efficient  use  of  the  land.  Other  cor.servat  c.-  '•ejr  ,pfs  •ha'l' 
are  designed  to  protect,  develop,  and  improve  the  agr i . . 1 ‘ 1 , arrec*- 
land  and  recreational  assets  of  the  Pasi'",  and  increase  overall  • ;r" 
e-'ficiency,  will  be  included.  These  'measures  will  be  implemente.: 
through  t'.e  Soil  Conservation  Districts  in  cooperation  wire  • il 

Conservi'ion  Service. 

(?)  Forest  Conservat i on  Management.  Forested  lard  has  a 
signi'icant  conservatism  effect  on  the  water  resource,  '^“crest  conser- 
vation -measures  include,  but  are  not  limited  to,  forest  fire  :ontrol , 
tree  planting,  protect!. n of  forest  land  from  gracin’;,  control  of 
erosion  on  logging  roads  and  skid  trails,  hydrologic  cul-^-rsil  freaf"’.'"t 
and  proteefion  from  overcuttinn. 

(3)  Fish  and  ■■.ildli'^e  Conservation  Management.  it  ir.-,-easirg 
the  habitat  base  *or  'crtain  species  proves  i'^prac’^ i ca  1 or  upecorn  , M, 
increased  opportunity  *or  hunfinq  .ind  fishing  can  be  pr''v;de:  he  "anade- 
ment  manipulation.  Production  and  tirvest  technique’.  m !>•  ipplied 
i ncreasc  hunfinq  jnd  *'ishing  opportuni  tv.  Fcir  •■»ampl,',  lecels  • use  cn 
exiefing  publi’  .rtinq  ar  ti.,i’'inq  areas  can  be  incf>’ased  !.  v "r-'  mi 
take”  stocking. 
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(b)  Methodo 1 ogy . Valley  preserve  areas  consist  of  the 
water  surface  and  designated  land  areas  on  one  or  both  strear  banks. 
De<;ianation  nf  thpc;p La.oa  areas  is  based  on  needs,  present  land  develop- 

ment, land  blocks,  and  natural  boundaries.  The  significance  of  each  of 
these  factors  is  described  in  the  following; 

I . Needs : 

a_.  Recreat  ion : Needs  are  expressed  i n terns  of 

acres  requ i red  to  support  the  various  recreation  components  such  as 
camping,  swimming,  and  picnicking.  Recreation  needs  are  diversified  so 
that  the  size  of  the  valley  preserve  developed  is  not  restrictive. 

Large  areas  may  be  developed  to  encompass  all  aspects  of  recreation, 
while  only  a ^ew  acres  are  necessary  to  develop  a single-use  area  such 
as  a roadside  park,  or,  where  the  topography  is  suitable,  a ski  slope 
or  sled  slide. 

Fish  and  Wildlife:  Needs  are  exoressed  as 

user-days.  This  unit  is  not  easily  converted  to  required  acres  for 
an  entire  basin.  Needed  acreages  for  both  hunting  and  fishing  are 
dependent  upon  the  intensity  of  development  and  the  si.;e  of  the 
facilify.  Hunting  ..reas  require  rather  extensive  tracts  land  for 
ef+i  lent  management.  The  smallesf  Grand  River  basin  area  presen-f-ly 
managed  by  the  State  is  about  one  square  mile;  the  largest  approaches 
25  square  mj  |es. 

2.  Present  Land  Development: 

a.  Subd i V i s ion : Subdivisions  fnat  occupy  land 

areas  adjacent  to  streams  would  be  allowed  to  remain  within  the  valley 
preserve  area,  but  the  dwellings  would  require  flood  proofing,  flood 
proofing  of  existing  'ubJivisions  would  consisf  of  first  floor  levels 
being  above  a prescribed  flood  level,  basements  equipped  wifh  adequate 
pump  facilities,  and  access  roads  above  a prescribed  flood  level.  These 
dwellings  would  also  be  required  to  connect  to  municipal  sewage  treatment 
facilities.  Is,  lateJ  dwellings  or  gn-.ups  of  fwo  or  throe  dwelllnas  would 
be  obtained  outright  or  reloc.ated. 
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(•4)  Re^rejti  n Res^'urce  Manajenerv^.  Recreational  resource 


mjnagernent  progra"s  consist  '^ainly  of  provioing  water  and  land  resources 
and  facilities  tor  outdoor  recreation  use.  These  prograf^s  range  in  scope 
‘■ror'  providing  roadside  picnic  tabies  to  an  intensive!/  developed  lai-e 
and  adjacent  I jno  area,  ’tost  local  communities  and  counties,  and  the 
State  have  established  well  de*"  i ned  recreation  programs.  These  progra'^c 
are  administered  and  di-ected  by  planning  agencies  of  the  governmental 
units  of  those  political  subdivisions.  The  sole  purpose  of  these  planning 
agencies  is  to  develop  recreational  facilities  for  the  enjoyment  of  ■’■'^e 
p u b 1 i c . 

(b)  Valley  Preserve  Management.  Valley  preserve  '^anagemen'*  is 
a nonstructura  1 program  of  providing  for  the  effective  '"u  1 *‘ip  ie-purpose 
use  o*  water  and  related  land  resources.  The  valley  preserve  management 
progra'^  is  not  a new  concept  of  meeting  water  and  related  land  needs, 
"^owever,  its  application  has  been  restricted  to  comparatively  much  p'^aller 
areas  ‘han  an  entire  river  basin.  lypicai  examples  of  sm.all  valley  pre- 
serve developments  are  found  throughout  the  United  States,  ’-'ost  valley 
preserves  are  we  I 1 -deve loped  flood  plain  areas  devoted  to  meeting  the 
recreational  needs  '-f  metropolitan  areas.  Most  o^  the  developments  have 
very  high  use  rates , and  the  im'^ediately  adjacent  areas  usually  are  well 
developed  with  duality  residerifial  units  and  offer  excellent  aesthetics. 
Management  programs  previously  mentioned  have  rather  well  defined  p''o- 
grams  and  established  practices.  However,  the  application  i.-'  a valley 
preserve  program  to  an  entire  river-  basin  requires  that  a detailed 
description  be  presented  of  the  program.  The  description  consists  '"ainlv 
of  defining  the  assumptions  and  procedures  used  in  applying  the  prrgta'’ 
to  a ri ver  basi n. 

( ) Assumpi  i ns  ■ 

1.  Management  of  valley  pre_.erves  will  te  •h'oogh 
direct  control  of  th.^se  areas  by  either  local  aovtrr  nr  en  • , the  vr  > igi’- 
Grand  River  Watersiied  lonnril,  St.atc  adf-nci'"',  'r  Fryer  H A.-jcn,  ier. 

. . r resent  poll,  ins  and  cr' te’  ia  hird.-';rr;  dev  e I apwpr.w 
of  a val  |ey  preser.'o  program  mav  bo  .han.^ed  s - “i*  re  , i||.’v 

prese’-ve  love  i : p"ient  . te  i mp  1 eme’"+Oi.' . 
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Highways:  These  boundaries  wou i d be  utilized 

whenever  possible.  They  serve  the  purpose  of  providing  access  to  the 
valley  preserve  area.  Highway  development  also  enhances  land  development 
^or  residential  use  as  a result  or  a valley  preserve  across  the  highway. 
Those  residents  existing  in  groups  along  highways  (strip  housing)  would 
not  necessarily  bo  purchased.  It  is  intended  that  the  remaining  home 
sites  would  be  allotted  a sufficient  depth.  These  homes  would  also  be 
enhanced  as  a result  of  the  valley  preserve  area  in  their  backyards. 

£.  Land  Blocks:  Land  blocks  would  be  used  in 

designating  areas  when  available.  This  would  avoid  excessive  legal  and 
technical  costs  incurred  in  subdividing  land  blocks. 

£.  Natural  Boundaries: 

1 . Topography : Where  steep  banks  are 

encountered  and  needs  do  not  exist  or  are  satisfied  through  development 
of  another  area,  only  adequate  right-of-way  areas  would  be  obtained. 

These  right-of-way  areas  would  be  reduced  to  minimal  widths  through 
city  limits.  If  is  intended  that  the  right-of-way  areas  would  be 
utilized  as  hiking  trails. 

2.  Mineral  Pits:  Mineral  pits  would  remain 

in  production,  but  wouid  be  required  to  provide  adequate  sewage  and 
pollution  treatment  facilities  for  all  production  features,  processes, 
and  operations. 

(c)  Constructive  Management  of  Valley  Preserves. 
tiements  of  the  management  program  of  valley  preserves  consist  of 
developing  the  water  and  related  land  resources  for  the  intended  use  and 
the  continual  maintenance  of  these  resources.  Proper  development  of 
valley  preserves  consists  of  providing  appropriate  facilities  for  the 
Intended  functional  use  of  the  area  while  preserving  the  natural  setting 
of  rne  area.  Facilities  required  for  each  designated  activity  are 
briefly  described  below. 


] 


F-54 


Recreation ; 


d.  Swlmr^l  ng:  Peach  areas  will  Ce  provided 

where  banK  slopes  and  topography  are  suitable  for  their  development. 
Hydraulic  structures  such  as  jetties,  groin'',  or  check  dams  may  be 
constructed  to  develop  and  maintain  these  facilities.  In  addition, 
pub  I i facilities  for  showering,  locker  rooms,  rest  room^,  and  public 
access  and  parki ng  areas  will  be  developed.  These  facilities  will 
also  be  equipped  with  adequate  safety  features.  It  is  noted  that 
tnese  ‘acilities  may  also  be  used  for  ice  skating  use  during  the  winter 
months  under  proper  safety  conditions. 

b.  boat i ng : Public  access,  parking  and 

launch  facilities  will  be  provided  ■‘or  designated  boating  areas.  In 
addition,  proper  sanitation  facilities  will  he  provided  ■‘or  boat  users. 
Each  site  will  also  be  provided  with  proper  safety  equipment. 

c.  Camp i no : Areas  designated  for  camping 

will  be  prcvi.fed  with  public  access  with  aJoauate  service  features 
such  as  separable  mobile  and  non-mobile  sites.  Each  area  will  be 
served  by  adequate  sanitation  tacilities.  In  addition,  the  mobile 
cam.p  site  will  be  also  eauipDod  wi'h  electrical  outlets.  Each  s i ‘e 
should  have  access  to  facilities  for  family  part i i paf i on  activities, 
such  as  volleyball,  shufrloDoard  and  horseshoes.  Each  site  will  be 
provided  with  proper  emergency  equipment  against  health,  t i r'e  and 
natural  ha,rards. 

— • Hiking:  'Mking  facilities  will  consist  of 

Public  access  I’.f  paming  areas.  Trails  will  be  designafod  as  to 
functi  'Pal  use  such  as  bike,  mobi  le,  horse,  sled  and  nature.  ' ra i 1 . 
will  be  pr.perlv  m.irKed  for  direction  as  well  as  being  i n*-c''"  at  i \ o . 

,n  ,ir  i i r ; t aid  equipment-  will  I'e  provided  at  itesignatec 
areas  * i ' v r-a-  niblo  distance  ot  all  trail  location'..  [Tochure'. 
will  Po  " • ivailihle  indicating  trail  functions  and  points  o* 


! 


e.  P| cn i cki ng : Public  access  and  parking 

areas  as  «vel I as  proper  sanitation  facilities  will  be  provided. 

Adequate  outdoor  cooking  grills  and  tables  will  be  provided.  Adequate 
facilities  should  also,  where  possible,  provide  for  development  of 
*ami  ly  recreation  activities  such  as  softball,  volleyball  and  horse- 
shoes . 

_2.  Hunti  nq  and  Fishing: 

Hunt i ng : Facilities  will  consist  of 

adequate  public  access  to  the  hunting  area.  Brochures  will  be  pro- 
vided indicating  public  lands  available,  referenced  by  significant  land- 
marks. An  attempt  will  be  made  to  retain  the  natural  development  of 
these  areas. 

— • Fishing:  Adequate  public  access  sites  with 

boat  launching  and  parking  facilities  will  be  provided.  Areas  will  also 
be  designated  as  shoreline  fishing  sites.  It  is  anticipated  that  pro- 
posed coho  salmon  introductions  in  the  Lower  Grand  River  will  generate 
a great  need  for  public  access  and  fishing  sites. 

Aesthetics : Intangible  benefits  associated 

with  the  aesthetic  values  of  a valley  preserve  would  be  derived  as  a 
result  of  providing  an  extensive  area  of  water  and  related  land  resources 
that  has  been  developed  for  the  main  purpose  of  meeting  the  recreational 
needs  of  the  Basin  while  preserving  and  restoring  the  water  and  related 
lands  to  their  natural  state.  The  aesthetic  values  would  be  experienced 
by  those  who  dwell  in  the  immediate  valley  preserve  area  as  well  as  those 
who  are  traveling  through  the  Basin. 

(d ) Benef i ts : 

J_.  Tangible:  These  benefits  would  be  those  realized 

by  flood  control,  recreation  and  fish  and  wildlife  users.  They  are 
derived  as  a direct  use  of  the  water  and  related  land  resources.  Methods 
are  presently  available  to  evaluate  these  benefits. 

2.  I ntangi b le:  Ihe  intangible  benefits  derived  from 

implementing  developments  of  a valley  preserve  would  be  significant. 

Land  enhancement,  flood  damage  prevention,  water  quality  enhancement,  and 
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aesthetic  values  comprise  the  greatest  amount  of  intangible  benefits. 

Each  of  these  factors  Is  bnie^ly  described  hereinafter. 

Land  Enhancement:  i and  enhancement  would 

increase  significantly  as  a result  of  adjacent  lands  being  closely 
located  to  recreational  areas  while  rem.aining  reasonably  close  to 
urban  areas.  Studies  '"ade  at  the  university  of  tentucKy  on  ef'ects  on 
property  tax  evaluations  of  development  of  reservoirs  indicate  that 
for  tax  areas  lost  through  governmental  ownership,  the  land  valuation 
per  acre  increased  on  the  remaining  portion  of  the  county'  such  that 
the  ability  of  local  governments  to  extract  tax  revenues  was  retained, 
"fter  a short  period  of  ti'^e,  tax  revenues  were  substantially  i ncreased 
by  economic  growth  due  to  the  reservoir.  This  study  als..  provides  a 
"'ethodolocy  for  evaluating  the  effects  of  developing  the  water  and 
related  land  resources  of  an  area  on  the  property  tax  revenues. 

b.  Flood  Damaue  Prevention:  Flood  damage 

prevention  intangible  benefits  would  be  derived  as  a result  of  pre- 
venting industrial,  commercial,  and  residential  development  ^rom 
taking  place  within  the  area  subject  to  periodic  flooding. 

c.  /^ater  uua  1 it.:  water  quality  intangible 

benefits  would  be  derived  by  preventing  the  increased  erosion  of  soil, 
salt,  and  oil  which  accompanies  flood  plain  urbanization.  A methcaolocy 
is  rot  known  at  this  time  to  evaluate  these  effects. 

d.  Aesthetl cs : Intangible  benefits  associated 

with  the  aesthetic  values  of  a valley  preserve  would  be  derived  as  a 
resul*  of  providing  an  extensive  area  of  water  and  related  land  resources 
that  has  been  developed  for  the  main  purpose  of  meeting  the  re.~reat iona 1 
needs  of  a basin  while  preserving  and  restoring  the  wa+er  and  related 
lands  to  their  natural  state.  Ihe  aesthetic  .alcos  w.  u 1 J be  experienced 
by  those  who  dwell  in  the  immediate  valley  p’’es,-.-ve  area  as  well  as 
those  who  are  traveling  through  the  rasin. 


(6)  Water  Conservation  Management. 


Ca)  I ndustr ia I : Water  of  adequate  quality  in  sufficient 

quantity  is  of  great  importance  to  industry,  because  it  nov.  uses,  and 
will  continue  to  use,  more  water  than  any  other  segment  of  the  econom.y. 

There  are  five  basic  techniques  of  water  conservation  in  industry. 

First,  where  high  quality  fresh  water  is  not  required  by  the  manufacturing 
processes,  saline  water  or  treated  sewage  effluents  could  be  used. 

A second  important  method  of  conserving  water  is  the 
reduction  of  water  waste.  Meters  could  be  installed  tc  show  how  much 
water  is  being  wasted  when  manufacturing  processes  are  stopped.  Leaks 
in  pipelines  could  be  determined  by  this  method.  Another  important 

method  by  which  water  waste  can  be  reduced  is  to  provide  manual  or  j 

'i 

automatic  valves  to  stop  the  flow  of  process,  cooling  or  rinse  water  ii 

when  a machine  is  not  in  use.  Another  erfective  method  of  reducing  water  ] 

waste  is  to  install  thermostatically  controlled  valves  on  m,achine  cooling 
systems.  Instead  of  water  streaming  through,  thermostats  can  retain 
the  water  within  limited  tem.perature  ranges. 

Third,  the  p, ocedure  of  reusing  water  over  and  over  aaain  j 

I 

for  the  same  process  can  serve  to  reduce  consumption.  However,  the  ’ 

procedure  of  recycling  produces  changes  in  the  quality  of  water  because  ^ 

of  the  evaporation  of  the  water  in  heat  dissipation.  Additional  treat-  j 

ment,  therefore,  becomes  necessary.  i 

Fourth,  multiple  reuse  of  water  may  result  in  reduction  of  j 

■•1 

water  usage,  for  example,  it  could  involve  the  reuse  of  water  in  a 'j 

sequence  where  initial  cold  water  is  used  where  low  temperature  cooling  j 

is  required,  after  which  the  warmer  water  effluent  is  directed  to  pro-  j 

cesses  where  warmer  water  may  be  used.  Another  aspect  of  multiple  use 
of  process  water  is  to  introduce  it  to  the  ; leanest  materials  first, 
and  then  to  the  dirtiest  materials  las*. 

Fifth,  industry  has  ^ound  **■.!■*  '*  rerlai'"  water  formerly  i 

going  to  waste  by  reconditioning  the  ^ater  by  s'-^c:e  screering  u-^d  sedi-  ^ 

mentation  processes.  The  deyelopment  ‘ new  *r.--nigjos  f r rec mnd i t ion i nq  1 

waste  waters  wMI,  in  many  cases,  reduce  the  •'•enqdr  of  irdus‘ri,j|  wastos.  1 
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Cb}  Agr  i c-  I tura  I : Another  ^se  of  fresh  is 

irrigation.  Conservation  of  water  supslies  tnrotgh  -.ore  e-‘*i:ie'’ 
use  would  involi/e  (I)  control  ^ water  l-jsser  i ’■  storage  and  fra’s- 
port , including  seepage  and  water  use  d,  non-ben-’f  icia  [ /ede*  ; 

(2/  improved  efficiency  of  water  app  I i . : • i ■ ' mg  Jisorid-'i  'I 
improved  water  application  contr'-l  ; "-e  as  I re  jr-.  ' ; 

(4)  use  of  more  accurate  methods  c*  s<  i 1 ••  ‘ • .■  * ge-'-'r"''  i"'  • ; 

(5)  proper  timing  of  irrigation  for  t--‘ •' i ' i e-'*  ■ • ■ .e 

control.  General  farm,  livestocK  and  r,r!|-‘a’>'  j.,~e  ' ' w 

waste  could  De  reduced  by  more  caref.,1  ..se. 

(c)  I4un  ic  i pa  I : “ larger  pe-  ■■r*  : 

municipal  water  syste"^s  is  used  domestical  ly.  *:  i .-I 

water  use  is  covered  in  an  earlier  paragraph . ..eafjge  *r  '■  .^ser- 
ground  public  water  supply  --ains  is  a _.  nti-'ulng  -ind  re.  -rrirg  pre- 
ble"  that  needs  to  bo  .'rre.fed  per iod i 'a  1 I y . addf  :”!.-  deter-^io-' 

and  control  program  could  reduce  undergound  leaKagr-  arc  *'■  ,■  i'  'oi.e 
the  amount  of  water'  hor  put  lie  use.  -hjnees  in  household  pi  !•  ; 
would  conserve  water.  Ider  h<3usehold  toilets  reqj're  app’  ■''■itely 
•■wice  as  ""uch  water  !'  ‘lushing  as  t 'o  newer  "'reels.  i aw  wat-rln" 
varies  widely  with  pree  i p i tation , Temperature  an.;  haPif.  (•.••:..l;Ti  ■ 
of  lawn  irrigation  is  another  method  of  conserving  wate’ . 

( 7 ) Regulatory  Management  Programs: 

(a)  Flood  Plain  Zoning:  * prevent.}  ‘ i v-'‘  "fr*  • 

reducing  ‘ lood  damage  is  the  ce'htr'Ilec  use  of  th.-  - I e : pie'. 
Designated  fior  d ways  coul.:  be  .•one.]  ^or  the  pri-  jpv  pap 
passing  f Io<'.:w-if ers  -and  other  N't!  red  I md  ..nes  f at  ne‘ 

f I i ct  wi  th  the  pri"".ary  purpo-ae.  r |,.,,  ; p|  .in  • < j r.,^-  pr.  ■.•’  • 

legal  regulatory  ■ rfrol'..  wCi.h  serve  fe  '■  | ‘ • 

wi!‘-  the  potential  Moc-i  hadari.  ther  Inclub  . in  flood 

plain  m.inagement  are  prevonfion  er  >_riir‘"-|  . a.  ‘ 

stractinr  uf  e.-isting  s‘r.  ‘ .''es  • -ri.'idrr'  ‘ •pr’-j.+is-  ;• 

area  subject  te  flooding,  and  e,  j j r,  ,j  p I i ' ri . .'o-'-  ; 

to  provide  for  roten‘1  'n  of  ...er-f  lir  I ar,.i'.  • ■■  iji  i ..I*  ,r-||  .s‘'s 
should  f'p  oricour  iged. 


(b)  Land  Management  Zoning:  Local  zoning  ordinances  must 

be  encouraged  to  prevent  development  which  would  noticeably  impair  the 
aesthetic  and  recreation  values  of  the  streams  and  inland  lakes.  Water 
resources  are  also  polluted  by  sources  other  than  man.  Intensive 
private  development  along  streams  and  lakes  causes  severe  deterioration 
of  water  quality.  The  preservation  of  areas  having  outstanding  fish 
and  wildlife  resources  will  be  considered.  Pristine  areas  of  certain 
streams.  Together  with  selected  wetlands  and  other  ecologically  and 
biologically  unique  areas  of  value  to  the  student,  fish  and/or  wild- 
life manager,  or  the  public  in  general,  should  be  preserved  from 
legrading  development, 
n (8)  ‘■'onitorinq  Management  Programs: 

(a)  Flood  Forecasting  and  Warning  Systems:  Flood  fore- 

:.ting  and  warning  systems  can  be  estab I i shed  which  will  notify  flood 
pla’n  occupants  when  flooding  is  imminent.  This  will  enable  people  to 
remove  portable  property  above  the  anticipated  flood  level , or  to  remove 
gooes  out  of  the  flood  plain,  reschedule  operations,  and  do  other  things 
w‘  ; • would  reduce  damages  and  losses  which  might  otherwise  accrue  from 
t I c,  i ng . 

(b)  Stream  .uality  Monitorin  ';  Pro ’.ram!:  A water  quality 

'■  I '■  i ■ . i ng  program  would  enable  data  to  be  collected  on  a continuous 

This  procram  will  aid  in  informing  the  local  officials  and 
red  I I",  of  water  quality  problems  and  also  enable  sources  of  water 
;,..illtv  rrrf  lems  to  be  located  and  corrected. 

(c)  Land  Use  Monitoring  Program:  Monitoring  of  land  use 

: r ivi  les  the  assurarioe  that  regulatory  measures  established  to  control 

iu'it  sre-  c“ec+lve.  This  would  be  accomplished  by  reconna  i ssance 

I ‘ 1 in.i-.  a;,;  i^formin.]  the  appropriate  authorities  of  those  vit  I i'lons 

noted  durin-i  the  r<‘C.?nna  i ssance  inspection. 
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SECTION  VII 
SEQUENTIAL  APPRAISAL 


1 . IDEUi  IFICATION  OF  LEVEL  OR  MAGNITUDE  OF  PR0F:.:EU  :jLVELO^>^EU ' 

a.  Scope  or  Scale:  After  the  initial  proposal  or  nucleus  of  devei  .p- 

ment  of  a project  hcis  been  selected  for  analysis  ana  i Is  t ene'its  • -fs 

measured,  consideration  should  be  given  to  scales  of  development  greater  or 
less  than  the  selected  nucleus.  The  optimum  scale  of  development  should  ce 
found  for  each  project.  This  optimum^  scaie  of  deveiopment  occurs  vvhen  ne* 
benefits  are  at  a maxi  mum.  'Jet  benefits  are  maximized  when  ■*■^-6  scale 
development  is  extended  to  the  point  wnere  tne  benefits  added  by  t' e las^ 
increment  of  scale  (i.e.,  an  increment  of  size  of  a -nit,  an  inui/id-al 
purpose  in  a comorehens i ve  plan)  are  equal  tc  the  costs  of  udding  -re  in_rt— 
ment  of  scale.  The  increments  considered  in  this  «ay  are  the  smallest  re- 
merts  on  which  there  is  a practical  choice  of  ommisslon  from  the  plan.  in 
dll  cases  the  computed  plan  shall  demonstrate  that:  (I)  there  i-  a nee;  ■‘or 

the  goods  and  services  produced:  (2)  total  bonef i +s  exceed  cost;  ( ')  ea 
separable  segment  or  purpose  provides  benefits  at  least  equal  to  cost; 

(4)  Ihere  are  no  more  economicdl  means,  evaluated  on  a comparable  t.asi  , c‘ 
accomp  1 i sfi  i ng  the  same  purpose  or  purposes  whi.jh  would  be  precluded  frc" 
development  i the  pi  r w ts  undertaken. 

D.  limine:  i nee  this  plan  covers  long  period-,,  in  the  ^j+uro,  the 

selection  of  the  time  sea.jenu-e  and  order  of  development  of  proje-iifs  shcul'i 
be  chosen  to  meet  Curren'*'  needs  -ind  the  needs  as  they  occur.  'horefore, 
plan  imp  1 omental  ion  will  be  based  on  current  and  projected  needs  ar-d  the 
geograp'  ic  Mslribution  of  these  r.f>e  !s  throughout  rhe  P.jsin.  ! he  plan  i- 
broken  .r-wn  into  two  phases:  f i I'st , projects  recom-men-de  : to  fill  the  need  , 

to  the  year  1 98b;  second,  projects  re.zommendod  to  fill  the  needs  * rom  ^he 
years  l98‘-.'020.  However,  it  the  need  arises,  pi  'iects  scheduled  in  fhe 
1988-20^0  per  i ;d  may  t)p  initiats'd  ear  I i or . 

c.  u b -i  r e a s : An  essential  -.top  in  river  b.rsin  studv  i-  the  exarinall-n 

Old  UKily  i-  of  rh>’  phy-i  il  possibilities  f.a  improvemen*  , .r  dev<' I opr’ on  f of 
fhe  L'lsin’  . resour-  i‘  I i meef  the  need’  . tor  ex.rmple.  flood  control  me.jqurr'S 
by  ressTV'iir  ou-Hrui  fr-d  in  tne  upper'  i-r.inj  River  t^asin  w-uld  do  little  ‘o 
illeviif’  tim'd  in;  pr  tier-  in  the  lower  ifa-ir.  r-  the  other  hand  ) 1 i -'.‘y  i rir; 


the  needs  tor  water  supply  is  limited  only  by  the  practical  aspects  of  the 
distribution  systems.  Thus,  problem  areas  must  be  related  to  the  geographic 
distribution  of  the  measures  to  satisfy  their  needs. 

2.  PLAN  QP  DEVELOFf'^EKT  0PTIM12AT10N 

a.  Best  Use:  Development  of  the  plan  should  be  directed  toward 

achieving  the  best  possible  use  of  +he  resources  employed,  taking  all 
pertinent  factors  into  account.  The  best  use  of  the  economic  resources 
required  for  a project  is  made  if  they  are  .tilized  in  such  a way  that  the 
amount  by  which  Penefits  exceed  costs  i s at  a maximum,  rather  than  in  such 
a way  as  to  produce  a maximum  benefit-cost  ratio  (net  benefits  maximization 
principle).  However,  planning  based  solely  on  maximization  of  net  tangible 
benefits  may  lead  to  unsound  decisions.  Therefore,  development  of  a plan 
requires  cons i derat i on  of  all  project  effects  - favorable  and  unfavorable, 
tangible  and  intangible.  For  example,  a higher  degree  of  flood  protection, 
particularly  in  urban  areas,  than  is  feasible  on  the  basis  of  tangible 
benefits  alone  may  be  justified  in  consideration  of  the  threat  to  lives, 
health,  and  general  security  posed  by  larger  floods.  Also,  when  long- 
range  water  needs  are  foreseeable  only  in  general  terms  and  where  alter- 
native means  of  meet|-’g  the  needs  are  not  available  and  inclusion  of 
additional  capacity  ini  Mai ly  can  be  accomplished  at  a significant  savings 
over  subsequent  en  1 argemen'* , such  cons  i derat  ion  may  iustify  the  additional 
cost  required.  Thus,  project  formulation  studies  in  the  development  of 

the  optimum  pian  will  incl  .de  an  analysis  of  sufficient  combinations  of 
scale,  function,  an*  timing  of  development  to  encompass,  and  identity  within 
reasonable  I'mif'.,  tf^e  pr>  'ect  or  plan  which  will  provide  the  maximum  net 
tannible  benefits,  with  full  tons i derat ion  r>f  intangibles. 

b.  Appraise  Alternatives:  This  analyc. i",  first,  will  be  based  on 

preliminary  appraisals  of  hpc  worth  ant  cost  of  the  individual  projects 
acting  as  inJependfn*^  |.■•its.  i hen  a number  ct  alternative  plans  of  develop- 
ment designed  essentially  ' satisfy  the  needs  of  the  Basin  with  regard  to 
the  typo  cf  need  and  thr-  t im- 1 i n-asr,  ^ f fheir  satisfaction  will  be  formulated. 
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A complete,  yet  preliminary,  appraisal  of  the  economic  worth  ana  cos’ 
will  be  made  for  each  alternativ'e  plan  jnder  consideration.  These 
appraisals  will  serve  as  the  basis  for  selecting  -^rom  seve^-al  plane, 
single  basic  plan  to  satisfy  the  needs  wi*h  the  least  investme""”  of 
resources  and  funds.  The  chosen  plan  shall  tiien  be  refined.  Each  el 
proposed  for  multiple-purpose  development,  requiring  botn  iong-’er"  : 
Short-Term  storage,  will  be  evaluated  over  a range  of  sizes  and  stor.j 
allocations  to  adjust  the  project  dimensions  and  storage  allocations 
maximized  net  benefits  at  individual  sites.  Ahere  single-purpose  p'"c 
are  incl-ued  they  shall  be  maximized.  Finally,  all  elements  of  ’■ne  p 
will  be  arranged  chronologically  to  assure  their  necessary  balance  a^ 
Timeliness  to  satisfy  the  needs  as  they  occur. 


SECTION  VIII 


ENGINEERING  DEVELOPMENT  CRITERIA  AND  APPROACH 
1 . INTRODUCTION 

Adter  is  an  essential  eler.enr  for  the  existence  of  life;  t^e  water 
resource  is  I ini  ted  as  to  quantity  and  quality.  The  conservation  and 
effective  utilization  of  the  Nation's  water  and  related  land  resources 
de'^anJ  that  engineering  work  be  of  high  caliber  in  order  that  an  opt i nun- 
plan  be  developed  tor  the  Basin.  The  best  engineering  techniques  using 
available  resources  are  to  be  used.  With  fhese  facts  in  nine,  the  study 
group  established  general  engineering  criteria  for  physical  and  economic 
guidance  in  developing  the  plan  for  the  basin.  The  engineering  criteria 
forni.^|atea  ■‘or  use  in  the  study,  which  permit  logical  compos i-^ ion  and 
analysis  of  plans  under  cons  i Jera't  Nan , are  classifiable  into  three 
categories:  hydraulics  and  hydrology  criteria,  design  criteria,  and 

economic  analysis  criteria.  Since  a wide  vat  iety  of  problems,  objectives 
and  conditions  will  be  encountered , the  intensity  of  planning  and 
i nvesf  i gat  i cins  will  a Is-  vary  to  provide  sufficient  engineering  planning 
fo  arrive  at  sound  s.  lutiw  ..  1 he  intensity  of  planning  will  be  based  on 

ccm.plexify,  size,  t md  i'^pcrtance  of  tne  project.  Using  the  techniques 
inventorying,  aralyzinn,  correlating,  and  balancing  the  ohysical  and 
ec.:c'"i..  ‘a^t-r",  a comp  rehens ' .-e  plan  will  be  developed  for  the  Grand 
r-  i ver  bds  i . 

...  ••tJRAuLl--'-  AN(-  hyPROLcGY 

a.  Weather  - I imate  may  be  def  i neu  as  a sumw'.jpy  of  al  I the  weather 
‘•■i.Jt  :,pecifi‘  : ir*v  I nan  experienced  ■‘ri'm  day  to  day  over  an  extended 

perl  of  v*;-ar'. . .njsjil  we'ifhi'T  .:.>nditi'  w II  osn.ur  during  this  averaging 
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^he  prec i p i r jT i > in  recorJi  to  cofpjte  r .nofT  jjTj  Aitnir.  the  basl'  . 

b.  Collection  JnJ  rrdnsrission  - .vater  is  col  Ic-cte'.;  arc  *her.  'Tj'z- 
mitted  to  retention  basins;  this  process  occurs  sstn  above  -np  C'.Ioa 
jrocnj  1 eve  1 . 

(1)  Stream  flow:  The  study  grc.p  I 1 det<.-r"ir..  -sp  '^ne 

base  ^lov.,  norrMl  tlo^,  t lood  *Ica,  and  I w • ic*  ' ar  i •';■■■ 

jpoce  *1.  as  to  be  detericined;  base  *lcw  is  that  f Ioa  Anicr  aMI  31aj/s 
exist  i r,  3 Adter  coufu<‘  and  is  not  necessarily  cirectly  d.-pende^t  -pc' 
prec i p i tat i on ; norril  • Ioa  is  that  t 1 ow  Ahich  exists  Ir  a a jter  _o^r'x- 
ur.ce;  .Sual  -conditions;  Hood  *'1-a  is  that  t low  Ahicf-.  cuu  ^c-s  darage  ’s 
real  pi'Operty;  Ioa  * 1 eA  is  that  ^Ica  ocsurring  curing  the  ari:  part  • 
the  ve.ar.  A||  *uture  -;esicns  for  cont'  d of  the  river  or  s'r*-:"  aIII 

be  depenjent  upon  the  stream  flow  he  t'e  expe  ted. 

(2)  Ground  v;uter:  The  study  group  will  make  deterr  i n it  i stv  :i 

grounc  Adter  ava  i 1 ab  i I i t >•  botti  .is  to  Adter  Quality  a-j  gu^r-rir-y.  Ii-.!,:--: 
in  this  study  aIII  be  rc 'k  formation  locations,  irHl+r.rior  -Cata, 
replenishment  d Ha , md  the  location  of  principal  dq..i*ers  i r.  thn  s-.dH  r . 

c.  '.vater  s ca  1 ij_^  - in  the  comprehensive  study  Adter  p-jalitA  is 

def i -ed  as  that  water  which  is  s-H  table  for  the  p^rocse  inteniec,  s-r" 

as  for  water  suoplv  both  domestic  and  industrial;  recreatisr  (_  c-  *-r 
total  bodv  ...,ntact  and  partial  body  contact;  fish,  Ailrlifr  r : 
ac-ati:.  life;  acricultural  ...ch  as  livestocK  watering,  i m i i a-; 
spraying;  and  Cl  " "'ere  i -i  1 such  si-  riavigation  and  hydroe  lectr  i c iwer  . 

Adter  for  these  uses  will  be  me.isured  by  .'arious  par-m !.■  lers  .'ort.'-'* 
both  as  to  dissol.ed  and  suspended  constituents.  'he  stud',  pro.jp  w H ! 
note  the  csfabli  -hec  or  desired  wjto:  c-^ality  ' : e i-h  use  ;j*'e.:(vrv  c ; 
will  itte-ipd  t-  • .,  : :er,  t o«-a-.ibl<'  r dies  tor  th  .so  I.'.'C..-;  i..  n:  w"!  -- 

lui.i-in';  in  w iter  d'.alif  , t.ir  a part  icular  .ne. 

1.  f loots  - floods  -ire  a naturjl  oci.  un  ence  ind  can  r.i  ‘ p o"  d , 
but  t)'y  fho  use  ot  proDor  ■- entrol  riif'.jsi^res  darii  icc'  ..an  be  " i n i "■  i .’t- ) . 

•enora  1 .ti  tetri  a util  iced  ir  the  plan  • . 'r"- . 1 at  i .rn  pn  ■ *;.t 

i .;ontainod  in  the  *')ll  win:.  arts  n ' * 1 oo-.; 

; ihulatcd  .arc  will  t"  >:■  .'d  pr  ,nat;.  * 
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frequencies;  flood  frequency  late  ^<ill  then  bo  conbinot  wifti  damage  records 
to  determine  stage  damj  :c  trequenry  relationships.  Probable  floods  will 
also  be  computed  using  known  historic,  and  possible  climaric,  conditions; 
extent-of-prob jb I e- M ood  criteria  will  be  used  by  the  study  croup  in 
appropriate  calculations  for  design  of  structures.  The  study  group  will 
then  apply  the  determined  flood  conditions  to  specific  situations. 

e.  Effects  of  Man-Made  Structures  - The  study  group  will  relate 
existing  and  proposed  man-made  structures  to  the  hydrology  of  the  Basin. 
Structures  having  an  effect  on  water  quality  and  on  hydraulic  character- 
istics that  will  be  considered  are  dams,  levees,  fills,  wells,  bridges, 
industrial  complexes,  sewage  treatment  and  agricultural  practices. 

3.  DES IGN 

After  careful  consideration  of  the  hydrology  of  the  Basin  the  study 
group  will  research  possible  measures,  both  structural  and  nons+ructural , 
for  developing  a plan  where  there  is  determined  an  unbalance  between  need* 
and  supply  for  a purpose.  Structures  such  as  Jams  an i reservoirs  will 
take  into  consideration  the  possibility  of  multiple-purpose  uses,  while 
structures  such  as  levees  and  tloodwills  will  generally  be  lin,ited  to  a 
single-purpose  use.  Surveys  and  designs  will  be  of  sufficient  detail 
and  extent  using  appropriate  methods  and  procedures  to  make  acceptable 
cost  estimates  and  to  assure  proper  functioning  and  production  of  3nticl- 
patod  benefits. 

a.  Dams  and  Reservoirs  - Hams  wi  I I be  considered  in  conjunction  with 
the  reservoir  area  and  the  i'^ipounded  water.  Their  design  will  be  dictated 
by  usage  and  p .rpose  using  accepted  enqineering  techniques.  Spec.ifi: 
design  considerations  t<f  be  reckoned  « i th  are:  the  spillway  dosic'',  to 

accommodate  a civen  frequency  flood;  leakage  and  drainage;  and 

resulting  sed i " entat i on ; approa -hos  and  causewiys;  stream  conf’x  | durinq 
construction:  and  avillabtlltv  of  dam  .:cnst  r j-t  i on  materials. 

The  .limat'',  fjpoar  iphy , and  ofher  physical  chara^.ter  i s+irs  of  the 
iTran.l  B’iver  basin  dictafo  that  only  smj  ] ] - to-med  i urn  si.’e  dam;,  will  be 
considered  for  ivisin.  ji/in.j  of  njxinur  reservoir-  storace  capacitli" 


jna  non-storage  capacities  will  be  based  solely  on  needs,  av.i  i lab i 1 i ' / 
economic  considerations.  Physical  limitations  of  each  site  will  be  jet’,' - 
mined  from  available  U.  S.  Geological  Survey  mapping  in  the  IS  "i'^te  a'C 
7-1/2  minute  series.  This  will  be  supplemented  by  more  detailed 
whenever  necessary. 

b.  Le'.  ees  and  Flood  walls  - Levees  and  t loodwa  1 I s will  be  a ae*  I ' ' 
consideration  especially  in  urbanized  areas,  factors  that  the  st.,dv  ,.''Cub 
will  note  for  design  of  levees  are  protection  against  a particular  tre'ju<-nc 
flood,  freeboard,  interior  drainage,  erosion,  and  minimizing  “i-he  .,blle  '!  -n 
of  debris.  Pumping  stations  to  handle  interior  drainage  present  a "aj  ^ 
economic  consideration  and  The  study  group  will  take  special  note  f t'-is. 

c.  Channel  Improvement  - Channel  improvement  will  be  conside''Gd  ty 
sr^dy  group  when  certain  conditions  present  themselves.  Channel  ir- r-;- .■e"  e" 
is  accomplished  by  widening,  deepening,  straightening,  and  smoothenlr: 

a water  course.  Where  flooding  occurs  improvement  will  be  rocommerdec  when 
an  imcrovej  hydraulic  behavior  of  a channel  is  possible  and  construction 
can  be  economically  justified. 

d.  Agr  i c..  I tura  I Improvements  - The  level  ot  protection  to  iu  - 1 " ura  1 

lands  shall  be  sufficiently  high  to  encourage  the  most  profitable  use  of 

such  land  for  sustained  agricultural  production  within  the  capabilities 
the  soil  ''or  the  type  of  crops  expected  to  be  grown.  The  remaining  tU^d 
risK  after  installation  of  the  project  should  be  no  greater  tha'i  otner  r I - 
that  deter  the  fullest  use  of  land  in  accordance  wifh  its  capabili'v- 

4.  F-CONOMIo  ANAL'^SIS 

The  stu  tv  group  will  complete  a detailed  economic  study  on  ea.  t * 

meriting  such  study.  The  estin.ated  project  first  cost  will  :'e  pro-irea 

each  such  project  considered,  using  generalized  unit  costs  hascL  u.  t I :t, 
price',  'or  jimi  [jp  items  of  work  in  the  area  where  the  pr.  I*':‘  is  lo.  j. 
Tfie  total  investment  in  ,•]  construction  project  will  include  the  cr-rt's  c': 
lands  and  clearing;  construction  items,  such  as  rolocations,  excavatic”, 
concrete,  ind  ..tru'turil  steel;  interest  durirrg  ccnst'ur  I it  n ; en.g  1 nee'  i ; 
a.'d  design;  and  contracl  supervision,  inspect  ion  and  admi  f' !■  tra*  i . •' 

contingency  allowinr.e  of  up  to  25  percent  will  be  used  and  , id. led,  to  *'e 
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subtotal  of  the  land  and  construction  costs.  The  costs  of  engineering 
and  design  will  be  shown  as  a percentage  of  the  construction  cost, 
including  contingencies.  The  percentage  used  will  be  based  on  experi- 
ence and  cost  records  of  similar  comparable  projects.  The  cost  of 
supervision,  inspection  and  administration  will  be  shown  as  a percentage 
of  construction  costs  including  engineering  and  design.  Average  annual 
cost  estimates  will  then  be  orepared,  including  interest  and  amortization 
cost  on  investments,  operation  and  maintenance,  and  repairs  and  replace- 
ment. Benefits  for  each  purpose  in  the  project  shall  be  provided  by 
the  agency  normally  responsible  for  thaf  use  or  purpose.  The  designs 
and  estimates  will  be  refined  to  the  degree  of  accuracy  necessary  to 
determine  whether,  by  comparison  of  average  annual  costs  and  benefits, 

(a)  project  being  investigated  has  a benefi+-cost  ratis  r'  over  one  and 
could  be  included  in  the  Plan,  and  (b)  comparison  is  possible  -t  alter- 
natives to  determine  ranking  of  projects  i erder  pf  ability  ft  satisfy 
objectives  at  minimum  overall  costs. 


SECTION  IX 


SELECTION  TECHNIQUES 


1 . GENERAL 

Selection  of  jII  schemes  and  each  particular  site  shall  tare  ir*o 
account  The  prior  established  regimen  of  the  river  and  shall  i r-p  I e'^c-n : 
the  Economic  Base  Study,  Appendix  0,  of  this  repor-:  . The  cptir'^ijr  plan 
of  development  is  rhe  desired  resul*.  A determination  of  wha*  is  op* > 
is  d function  of  the  standards  by  which  it  is  judged  and  in  this  sTud,', 
■•■his  will  be  consistent  with  the  principles  cf  project  forrulatior,  ccr- 
tj  i neo  in  Section  Iv  of  this  appendix.  The  Flan  shall  be  J.jdqed  by 
consistent  standards  during  each  successive  evaluation  and  appraisal  a' 
thus  each  proposed  plan  will  be  compared  on  the  same  basis. 

2 . SiNGLE-PURFOSE  PLANS 

Single-purpose  plans  have  been  developed  for  each  basic  water  need 
by  those  agencies  most  informed  with  the  individual  needs.  Each  plan 
with  its  single-purpose  need  is  presented  in  Appendices  G thru 
inclusive,  wherein  the  single-purpose  analysis  was  made  of  water  uses, 
demands  and  needs  which  are  judged  by  the  standards  appropriate  in  tha-" 
field.  Optimization  in  one  field  was  obta i neo  in  each  single-purpose 
plan.  Each  plan  reflects  the  minimum  standards  *or  satisfying  a need, 
ana  obtains  economic  optimization  through  benefit-cost  analysis. 
selection  of  a single  or  best  plan  is  a process  of  eli'-ination  of  less 
desirable  clans  through  analysis  of  each  plan  and  appraisal  of  each 
alternative.  The  basic  steps  in  this  appraisal  were; 

a.  Check  ou*  each  plan  for  physical  feasibility. 

b.  Screen  out  marginal  plans  based  on  available  data. 

c.  Develop  rough  cost  estimates  for  all  plans  undec  consi  de'^at  N'n . 

d.  Develop  rough  benefit  estimates  for  ill  plans  under  ccn-.Idera*' 

e.  . '■‘pare  the  cost-benetit  re  I at  i ■ insh  i p ard  cliriina+e  plans  that 
obviously  will  not  achieve  a favorable  ratio,  full  considerat Ion  was 
given  to  the  intangible  md  secondary  benefits  .'f  each  clan. 


I 


*.  The  promising  plans  are  refined  in  all  aspects  such  as;  Dhysical 
detail,  cost  and  benefit  estimates,  and  review  of  all  favorable  and  un- 
favorable side  effects,  so  as  to  converge  toward  the  optimum. 

g.  Reconsider  all  prime  schemes  previously  eliminated.  This  included 
varying  the  size  or  scale  of  development  so  as  to  yield  maximum  benefit 

at  least  cost  for  each  site  or  plan  tested. 

h.  Make  f i na  I adjustments  and  apply  all  intangible  bene'^i's  to  arrive 
at  the  single-purpose  plan  of  development  where  the  maximum  net  return 

at  minimum  cost  is  estabi ished. 

3.  MULTIPLE-PURPOSE  PLANS 

The  selection  of  multiple-purpose  plan  of  developmeni  followed  generally 
the  steps  outlined  above  for  I he  single-purpose  plans  utili.zing  the  data 
developed  in  the  single-purpose  schemes.  The  Basin  was  first  divided  into 
the  same  subareas  as  those  used  in  the  single-purpose  plans,  and  for  each 
water  use,  the  existing  conditions,  minimum  needs  and  maximum 
needs  are  tabulated  by  subarea  and  then  locations  selected  'or  each  area 
where  these  needs  can  be  met.  The  needs  in  each  area  are  compared  with 
the  availability  of  water  to  meet  the  needs,  and  then  follows  a system  o' 
screening  and  selection  for  each  study  period  (to  1985,  and  1985  to  2020) 
using  these  steps: 

a.  By  review  of  needs  for  each  subarea,  determine  the  sites  physi~allv 
and  hydro  I og i ca I I y most  suitable  for  mu  I f i p I e-purpose  developmen*. 

b.  Review  each  single-purpose  requirement,  by  subarei,  and  translate 
all  requirements  into  the  better  sites.  Summarize  the  vari.'us  single- 
purpose  requirements  that  will  satisfy  the  needs  at  the  si+es  and  u+ili.’r 
reasoned  choices  when  there  is  a conflict  in  use. 

c.  Make  preliminary  cost  estimates  for  developmerr  e<3ch  si-'e. 

d.  Establish  preliminary  benefit  estimates,  in  doM.iis,  ■ ee, 
demand  and/or  objective  being  considered.  Table  R-T  summa'  i .’es  rc'-.e''r 
uses  and  the  demand  units  for  each  use.  Negative  bene'ils  :r  weM 
positive  benefits  are  to  be  included.  Estimated  value.  *.sr  secondarv  .int 
intangible  considerations  shall  also  be  est  at)  I i :-,hisd  so  thaf  .juanf  i ' i n 
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and  economic  appraisals  may  be  tabulated  ^or  each  site.  In  this  /jj/  ' no 
significance  of  secoridary  and  intangible  considerations  are  noted  for 
this  and  later  evaluations. 

e.  Choose  these  sites  in  each  subarea  /vimh  the  best  bene'' i +-cos* 
ratios  and  which  ree*',  or  most  nearly  "'eer,  the  -f-unctional  requ’l  ten  errs 
of  ‘1‘he  single-:  rpose  objectives. 

. Repeat  steps  c *hru  ^ above  in  more  detai  I and  as  efter  as  ''ecesc 
until  the  very  best  plan  is  de-^ermined  for  each  subarea,  .then  the  suca'-e 
plans  are  put  together  they  constitute  a scheme  of  develcp^'ent  to--  the 
ent ire  Basin. 

g.  From  this  poir.-l-,  study  cnly  Gasi'-wioe  sc-emes  or  plans  of  ce-'ein 
ment,  rather  tha-  individual  subarea  plans. 

h.  Initiate  more  detailed  study  of  each  previously  determined  tes"'' 

site  with  the  objective  of  maximizing  the  aevel  vpme''* . This  can  be 
accomplished  by  using  different  combinations  c-f  use:  r'd  scepe.  Cost  anc 

benefit  data  will  be  computed  for  each  scheme  ^slrg  principles  in  the 

Secarabl  e-Costs-Rema  i n i ng-Benef  i ts  '-lethod . 

i.  Review  each  proposed  development  to  ascer'‘ain  that; 

(1)  The  incre"'ental  benefit  of  each  use  equals  ; ' exceeds  the 
incremental  cost  of  that  use. 

C2)  All  proposed  uses  are  com.patible  with  each  other  and  'with 
study  object  Ives. 

(3)  Ary  social  or  polirioal  'actors  which  might  preclude  cc--- 
struction  have  been  recognized. 

(t)  The  plan  could  be  implemented  under  current  'i'ederal  or  *-‘ich 
legal  authorities,  or  under  those  au'thorities  as  modified  ir  accordance 
with  this  study's  recommendations. 

Tabulate  costs  and  benefits  for  each  development  and  -‘Valu.ate 
and  select  the  most  promising  combinations. 

k.  h‘ufine  study  costs,  benefits  and  operational  plans  for  the  seler 
sites.  Prepare,  -nd  evjlua!e  alfornatives  that  reflect  the  special  needs 
intangiSile  :ons  i derat  i-'ns  and  any  other  side  effects. 
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PKOPOSED  DATA  INPTITS  rOK  MULTI-PURPOSE 
PROJECT  FORMULATION  USING 
ONLY  TANGIBLE  CONSIDERATIONS 


Rpservoir 

Use 


Demand  Unit 


Benefit  Unit 


Water  Supply  CFS  (or  equivalent)  over  a 

Municipal  time  scale 

Industrial 
Irrigation 
Rural-Domest ic 


Water  Quality  Minimum  CFS  (or  equivalent) 

(minimum  flows  over  a time  scale 

in  channels) 


Flood  Control  Reduction  in  CFS  at  a point 

(by  reservoir  downstream 

holdouts) 


Nav iga  t ion 

(m.inimuni  stages 
in  a rese rvoir) 
(minimum  flows 
in  channels) 


Acre-feet  in  reservoir  plus 
CFS  needed  to  maintain 
s tage . 

Minimum  CFS  (or  equivalent) 
over  a time  scale 


Kecreat ion 

(water  related)  Acres  of  water  surface  or 

associated  lands  over  a time 
scale 


F ish  and  Wild! ife  Acres  of  water  surface  or 

(recreational)  associated  lands  over  a time 

(non-r^'creat  ional  ) scale 


Hydroelectric  Power  C'^’S  lor  equivalent)  over  a 

time  scale 


Dollars 


Dollars 


Dol lars 


Dol lars 


Dollars 


Dol lars 


Dollars 


Agr icul  fora  1 -Water  Acres 
Management  Drainage 


Dol lars 


l.  Determine  the  prime  developments  and  further  refine  each  plar 
and  its  related  economic  data  to  arrive  at  a plan  of  development  wherein 
net  return  is  maximized. 

m.  Reconsider  all  prime  plans  and  alternatives  previously  eliminated 
and  make  final  adjustments  including  any  adjustment  for  competing  uses 

of  water. 

n.  Recommend  the  best  plan. 
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TriL  PLAfgNINC  f’ROa:'o 


1 . I N 1 t-iOUUCT  I ON 

I he  Orana  River  basin  Comprehensive  .Mater  t\esources  Rlannine  '.*ufiv 
was  directed  bv  a Coordinating  Committee,  composed  of  Federal,  "‘t-r.',  a'  .1 
local  agencies,  under  the  chairmanship  ot  the  Uepartmont  of  th.a  /’•rm.  . 

Serving  jointly  with  the  [tepartment  of  the  Army  were  the  i^ederdl  ...enirr  ntj 

of  Agriculture;  Corimerce;  Health,  education,  and  Welfare;  the  I n r.  - .ar;  '•nd 

1 ( anspo  rtat  i on ; the  environmental  Protection  Agency;  the  'ederal  ■ ,w.>' 

Commission;  the  C.reat  Lakes  oasin  Commission;  and  the  State  ot  t'i  C' i nan . 

The  (.Michigan  Grand  f^iver  Watershed  Council  also  participated  in  the  dI  Hng 
process.  This  Section  describes  briefly  the  planning  process  used  t- 
develop  recommended  programs  for  the  Basin.  Many  ot  the  steps  and  crcpcejurcs 
described  briefly  in  this  Section  are  discussed  in  more  detail  in  rpp  fiy 
i - "basin  Plan  Formulation  Criteria." 

...  TLivMINOLJOY 

The  terminology  err.ployed  in  Appendix  J does  not  correspond  in  every 
particular  to  the  terminology  used  in  the  Plan  of  I nvest i c,at i on  or  ir  the 
Appendices  A through  P.  As  improvements  to  the  terminology  were  't'pred 
throughout  the  course  of  the  study,  they  were  atxppted  when  it  was  telt  inat 
they  contributed  to  precision  of  thought  or  to  clarity  of  presentation, 
s.  f^L.ANNING  ObJtCTI  VbS 

Wise  use  of  the  basin's  water  and  related  land  resources  rerjir.->s  tajt 
adequate  consideration  be  given  to  all  identifiable  needs  tor  national  income, 
for  regional  development,  for  onv i ronnenta I enhancement,  and  tor  tne  well- 
being of  people.  I he  significance  of  these  objectives  is  discussed  in  the 
following  sub-paragraphs. 

a.  National  Income  Objectives.  iNational  income  measures  the 
Nation's  output  as  the  aggregate  earnings  of  labor  and  propertv  which 
arise  from  current  and  future  production.  The  increase  in  national 
income  attributable  to  a project  or  plan  is  fhe  measure  ot  its  con- 
tribution to  this  objective.  Those  gains  result  from  water  (Quality 
control;  navigation  facilities;  power;  flood  control;  land  treatment; 


jrji'.,i:e:  wdtershed  pr'tec+i  ri;  outdoor  recr(;at  i c.ri  .uui  fish  .ind  wild- 
life opportunities:  ond  provision  of  witer  suppliv  for  domestic, 

"'uri-  ip.il,  acr  icu  I turn  I and  industrial  uses. 

'■ross  national  product  (-'tJP)  is  the  measure  customarily  used  to 
■ ■ . I'os  . the  current  or  prnjc'cted  national  output.  I‘  measures  the 
',‘+ion'  output  as  t>>  m.irket  value  of  goods  and  services  produced. 

■ross  :-,ational  product  eouals  national  income  plus  cert, sin  non-facior 
chief  of  whi't,  are  indirect  business  taxes  and  capital  consump- 
' ion  allowances. 

‘'orsoml  measur'^5  the  curreni  i nccme  received  by  persons 

from  all  sources.  It  differs  from  national  income  mainly  by  the 

inclusi-n  ''f  transfe-  : nvmon-* ' and  the  exclusion  of  corporate  profit^. 
Personsl  income  is  aener.illv  coordinate  in  sianificance  for  economic 
analysis  with  national  income  and  gross  national  :^roduct  and  has  the 
aiv.antaae  of  being  measurable  on  a geographic  basis.  Moreover,  a 
■;  l.ase  and  ccnerally  constant  re  I at  i onsti  i p between  personal  income  and 
tjr  fias  prevailed  over  the  long  run.  It  is  on  the  basis  ot  this 
relationship  that  the  income  received  by  persons  offers  a link  wherebv 
the  rate  of  economic  growth  in  the  Nation  can  be  tied  to  that  of  an 
area  in  the  economic  projections  prepared  by  the  Office  of  Business 
Economics  and  the  fconomic  Resea-'ch  Service  (hereafter  called  OBF.KS). 

In  the  OBE’RS  projections  the  Nation's  real  gross  national  product 
is  currently  projected  to  increase  4.0  percent  per  vear  over  the  next 
50  years.  Accompanvinn  this  growth,  employment  would  increase  at  I . h 
poreont  per  v^'.ar  to  mairtain  the  go.i  I of  "full"  employment.  Pirect 
employment  in  the  effi'ient  production  ot  ruiiods  and  services  from 
water  md  reicated  land  resources  development  helps  to  meet  this  ooa  I 
.as  does  related  economic  .activity  that  puts  to  work  otherwise  unemployed 
or  uncioremp  I oyed  workers  or  other  resources. 

In  0Ef[  f^S  projections  productivitv  as  measured  by  production  p('r 
worker  is  expected  to  increase  at  a rate  of  approximately  ?.h  percent 
per  year,  thus  contri but i n<i  to  the  expected  arowth  in  the  oross  national 
produc*'.  Di've I opmon t of  water  and  related  land  resources  i ncroases 


'he  product  ivits  ■ t nj'ur  )l  resources  und  )v  initeuse  dhe  product iv- 
i tv  ot  In:  r and  capital  used  i th  tht.'so  r'"  ,‘urces.  I'.croases  in  cror 
yields,  enhancement  of  I ind  use,  expau'  ion  in  recreation  use,  and 
peakinq  capacity  fa  power  systems  are  oxa'":  I •■'s  f dir'^'t  increases 
in  p roduc  * i V i * ',  fr.>m  wa'^er  ind  related  land  lievn  I .pment  tha+  ccntrit- 
ute  to  national  income.  ; t i ona  I I \ , )h---o  >’  ly  L--  furtt^.r  nati-tial 

income  qa  i ns  from  put' Inc  'tfierwise  un(’'^r  hcved  resources  to  wort  in 
related  activities  and  ‘r_'m  taking  aJvartaae  ^ f economies  of  scale 
and  other  externalities. 

Prought,,  ♦' I ^ ID, I f I .jc  tuat  i p ; water  ■jppll.,..  ..;ause  disruption 
in  economic  activity.  Reduc1i  -n  in  direct  anomic  losses  through 
water  and  r<  dated  land  rc,.^urces  projei  ts  will  reduce  losses  to  other 
dependent  ac'tivities  and  contribute  tc  econc^ic  stability  and  steady 
tie. vs  ot  inCi'n'C. 

b.  Rec_'  " ' I Deve  I opmen  t Oh  iect  i v-.  . The  regional  development 

objectives  en-hrace  several  related  components  such  as  (I)  increased 
rec]  local  income.  (.')  Increased  roqi''nal  emp  I oynent . (3)  improved 
regional  economic  base,  (-1)  Improved  income  distribution  within  the 
region,  an'  (h)  improved  guality  of  services  within  the  region.  In'-ome 
gains  in  the  region  would  include  national  income  gains  accruing  to  the 
region.  Ncr  all  national  income  gains  arising  from  a project  in  a 
region  will  necessarily  accrue  to  that  reaio:i. 

Where  national  pol i^v  and  goals  seek  to  bring  about  an  improved 
geographic  dl  ’rlbution  of  economic  development  through  expansion  of 
economic  activity  in  a region,  the  efforts  of  projects  or  program 
aefivifies  Icwrird  achieving  such  goals  'will  be  considered  as  regional 
developmert  benefits.  These  regional  development  objectives  are 
closely  related  to  the  well-being  objective  of  personal  i ncome  dis- 
tribution. 

The  "region"  relevant  to  this  report  is  the  Grand  River  Pasin. 

i . [ nvJ_r^nment£)_[_Object  i v^s . Environmental  objectives  include 

the  conservat i on , preservation , creation,  or  restoration  of  natural, 
scenic,  and  cultural  resources  in  order  to  enhance  or  maintain  the 


qualitv  v'f  tho  environment.  These  objectives  are  closely  allied  :o 
all  efforts  to  conserve  natural  resources,  inclurtinq  (I)  the  prescr- 
vatier'  ^r  enhancement  of  aesthetic  areas  includinq  open  and  qreen 
'..ace,  wild  rivers,  lakes,  beaches,  shores,  wilderness  c'lreas,  estuaries, 
■-  r r ’lated  areas  of  unique  natural  beauty;  (2)  the  protection  of  areas 
f archaeological . historical,  or  scientific  value:  (3)  the  protection 
or  i "^provemon t of  water  quality  including  the  control  of  pollution 
from  all  forms  of  w.3ste,  drainage,  and  heat;  and  (4)  the  prevention 
of  erosion  and  the  restoration  of  eroded  areas,  with  particular  emphasis 
on  the  treatment  of  watersheds,  mined  areas,  and  critical  erosion  areas 
includina  gully,  streambank,  roadside,  and  beach  erosion. 

A major  consideration  of  env i ronmenta I objectives  is  to  conserve 
■atural  r -'sources  so  ffiat  '•‘hey  will  be  available  when  needed  and  so 
that  The  freeoomot  choice  by  future  users  will  not  be  impaired. 

,i.  Well-Deing  Objectives.  In  addition  to  national  income,  regional 
d-.’V  ■ I opmen  f , and  environmental  objectives,  other  well-being  objectives 
. -n  iter  the  personal,  group,  and  community  effects  f the  project  or 
nrogra'"  a-.tivity.  Since  some  of  these  wel  l-being  objectives  have  a 
location  impact,  there  is  a close  relation  to  regional  developmeni 
objectives.  Included  are  such  objectives  as  security  of  life  and 
ht'alth,  natic-  il  defense,  personal  income  distribution,  and  inter- 
r.-gional  emplcymt'nf  and  population  distribution. 

Security  of  life  and  health  are  enhanced  by  reducing  risk  of  floods 
or  other  dis.tster  to  human  life  and  by  reducing  the  ha.'ards  to  hi'alth 
.)'-soc i .1  fed  wifh  water  development  and  use. 

N-ifion.il  defense  objectives  are  served  by  providing  critical  water 
supplies,  goods,  or  transportation  requ i rcmL'pts  or  by  providing 
needed  reserve  capacities  and  protection  against  interruption  of  the 
flow  of  goods  at  the  time  of  critical  need. 

Objectives  of  personal  income  distribution  are  determined  bv 
n.itional  policies  that  specify  arrangements  for  distribution  of  pro- 
ject ben-.'fifs  and  costs  among  groups  of  benef  i c i ar  i es  . 
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The  distribution  of  population  and  employment  over  the  Nation  is 
of  national  concern  and  the  effect  of  projects  on  such  distribution 
should  be  indicated  so  that  such  effects  can  be  related  to  national 


po I icy  cons i derat i ons . 

t.  USES  OF  WATER  AND  RLLATFD  LAND 

a.  Uses  of  Water.  Water  is  used  for  many  purposes.  Domestic 
uses  of  water  include  drinking,  cooking,  sanitation,  fire  protection, 
and  air  conditioning.  Industrial  uses  of  water  include  its  use  as 

an  important  ingredient  in  numerous  finished  products;  its  use  as  an 
agent  for  cooling,  for  removing  impurities,  and  for  preparing  solutions: 
and  its  use  in  dilutinq  and  removing  industrial  wastes.  Agricultural 
uses  of  water  include  irriqation,  rural  domestic,  and  livestock  use. 

Water  is  also  used  as  a source  of  power,  a medium  of  transportat i on , 
an  agent  for  waste  purification,  a setting  for  outdoor  recreation,  and 
a habitat  for  fish  and  wildlife. 

b.  Uses  of  Water-Rel ated  land.  The  usefulness  of  water  provides 

a strong  stimulus  to  develop  the  lands  adjacent  to  water.  The  adjacent 
lands  are  often  highly  productive  for  agr  icu  I *’ura  I and  forestry  pur- 
poses. The  transport  capability  of  surface  water  makes  adjacent  lands 
valuable  as  sites  for  urban  and  industrial  complexes.  The  great  demand 
for  water-oriented  recreational  experiences  requires  the  development  of 
large  tracts  of  water-related  land.  Large  areas  of  land  are  also  used 
in  constructing  projects  that  control  and  regulate  the  water  resource. 

5 . PROBLEMS  ASSOCIATED  WITH  WATER  AND  RELATED  LAND  RESOURCES. 

Problems  associated  with  water  are  due  to  deficiency,  excess,  or 
misuse.  Water  deficiencies  affect  municipal  and  industrial  water 
supply,  public  health,  recreation,  agriculture,  fish  and  aquatic  life, 
wildlife,  power,  navigation,  and  waste  assimilation.  Excess  water 
causes  flood  damages,  drainage  problems,  soil  erosion,  and  sediment 
damages  on  urban,  agricultural,  and  forest  land.  Misuse  of  flood 
plains  can  lead  to  unnecessary  flood  damage;  misuse  of  streams  for 
waste  assimllatlcn  and  for  cooling  water,  in  excess  of  their  capabilities 
for  receiving  waste  products  or  heat,  can  lead  to  deterioration  of 


■,*rt,‘an  quality;  misuse  of  agricultural  and  forest  lands  can  cause  erosion, 
sediment,  pollution,  and  drainage  problems;  and  inadequate  channel  stabili- 
zation can  cause  erosion  and  sedimentation.  Preservation  or  acquisition  of 
lands  designated  for  water  resource  development  can  be  difficult  and  costly  if 
the  lands  are  located  near  the  urbanized  areas  which  generate  the  needs, 
f , ‘•■ETHODS  or  SOLVirr.  the  PPOBlCtS. 

Planning  for  the  comorehens i ve  development  of  a basin's  resources  to 
meet  identified  needs  anq  to  prevent  misuse  of  resources  requires  a thorough 
inventory  and  evaluation  of  the  basin's  resources.  Solutions  of  resources 
problems  tall  Into  two  categories:  solutions  by  means  of  structures;  and 

solutions  by  non-structura I means.  Any  resource  development  that  meets  more 
t^an  one  need  is  considered  to  be  a multi-purpose  development.  In  contrast 
to  tne  single-purpose  development  which  meets  only  one  need. 

a.  fJonstructura  I 'letheds.  Nonstructura  I means  of  meeting  water  and 
related  land  needs  consist  of  various  programs  of  legislation,  education, 
management  and  research.  The  objectives  of  these  programs  can  be  either 
single-purpose  or  multiple-purpose.  A summary  of  possible  nonstructura I 
solutions  to  water  and  related-land  resources  problems  is  presented  in 
Table  I- 1 . 

(M  Legislative  Programs.  Legislative  programs  designed  to  meet 
resource  needs  derive  from  the  authority  of  State  and  local  governments  to 
establish  and  entorce  laws  and  ordinances  to  ensure  the  health,  safety,  and 
welfare  of  the  public.  Programs  that  may  be  implemented  by  these  governmental 
agencies  are:  oovelopment  of  quality  standards  for  the  water  resources; 

control  ot  the  sediment  production  resulting  from  urban  and  t ransportat ion 
uevelopnent  areas;  regulation  of  the  urban  and  industrial  dove  1 opm».>nt  in 
tlood  plains;  and  a program  to  ensure  preservation  ot  lands  uesi anatea  for 
future  publ'C  dove  I oprumi*  . 

(2)  Educational  Programs.  Educational  programs  should  be  directed 
toward  local  officials  and  the  general  public.  Educational  programs  can  Pe 
implemented  through  organized  efforts  of  Federal,  State,  and  local  planning 
agencies,  which  should  utilize  all  educational  media:  classes,  radio,  news- 

papers, books,  pamphlets,  and  television.  In  addition,  publicly  supported 
organizations  Interested  in  resources  can  provide  valuable  assistance. 
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TABLE  I-l 

SUMMARY  OF  NONSTRUCTURAL  SOLUTIONS  TO  WATER 
AND  RELATED  LAND-RESOURCE  PROBLEMS 


1 . Water  Supp I y 

(a)  Land  use  and  nanager'ent  for  water  yield 

(b)  Ariificial  recharge 

(c)  Land  acquisition 

(d)  Institutional  constraints 

2.  Flood  Damage  Reduction 

(a)  Floodplain  zoning 

(b)  Flood  forecasting  - warning  - evacuation  systems 

(c)  "Flood  proofing" 

(d)  ^loodplain  acauisition 

(e)  Review  of  new  construction  orooosals 

(f)  Land  use  and  management  to  control  runoff 

3.  Related  Land 

(a)  Land  use  zoning  and  regulation 

(b)  Tax  rel ief 

(c)  Land  acquisition 

(d)  Obstruction  or  hazard  removal 

(e)  Purchase  of  easements  or  development  rights 

(f)  Land  and  water  management 

4.  Erosion  and  Sedimentation  Control 

(a)  Land  use  and  management 

(b)  Stream  bank  stabilization 

(c)  Land  acquisition 

(d)  Land  use  zoning  and  regulation 

(e)  Tax  relief 

5 . Water  Qua  I i ty 

(a)  Land  use  zoning  and  regulation 

(b)  Land  treatment  and  management  to  control  runoff 

(c)  Removal  of  waste  solids 

(d)  Standards  and  regulations 

(e)  Legal  measures  - enforcement 

6.  Environmental  Quality 

(a)  Land  use  zoning  and  regulation 

(b)  Land  acquisition 

(c)  Recreational  easements 

(d)  Urban  forestry 

(e)  Tax  incentives 

(f)  Land  use  and  management 
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(3)  Manaqefncnt  f’rograms.  'Resource  manace'^rnt  Droaramj  chou  I d be 
directed  by  efficient  orcan i zat i ons  that  utilize  available  technioues  and 
procedures  in  planninr  and  developing  the  best  use  of  resources.  Water  and 
related  land  resources  managerrent  orograms  should  be  developed  for  agricultural, 
forest,  and  recreation  land,  flood  plains,  urban  and  bul|t-up  areas,  and 
va I ley  sreserves . 

(<5)  Research  ^rograrrs.  Research  is  an  additional  non-struefura  I 
method  of  meeting  future  (vater  needs.  With  rcscect  to  power  oeneration,  for 
instance,  improved  cooling  techniques  for  steam-electric  generation,  or  possible 
beneficial  uses  of  heated  discharge  waters,  mighf-  be  alternative  solutions  to 
low  flow  auomentat i on . Improved  cooling  techniques  might  perni*  maintenance  of 
acprcr.''Ote  oxygen  levels  in  the  stream  discha'-ged  into,  and  thereby  reduce 
need  for  low  flow  auementat i on . Identification  of  beneficial  uses  for  heated 
discharge  w iter  "ight  succest  alternative  sites  ' r oower  plant  location. 

'Regardless  ot  wnat  the  specific  problem  may  be,  applied-research  programs 
mav  reveal  alternative  courses  of  action  which  would  not  otherwise  be  evident. 

*n  effective  applied  research  programi  should  tc  goal-oriented,  i.e.  should  be 
unecu i voc.)  I I V directcc  toward  attainment  of  a solution  for  the  particular 
problem  at  hana,  ana  should  take  cognizance  of  relevant  basic  research  and 
•f  p'^ilirl  app I i ea- research  efforts  that  may  have  been  conducted  elsewhere. 

At  least  as  im.portant  as  occasional  or  even  frequent  formal  research  acti- 
V i 1 i es  is  cultivation  of  a "research  mental ity,"  the  w i I I i ngness  to  entertain 
and  pursue  imaginative  alternatives  to  the  mvare  conventional  technicues  of 
satisfying  idon*'fied  needs.  This  habit  of  thinkinn  should  underlie  the  selec- 
tion of  even  th  ; most  conventional  type  of  solution,  i.e.,  the  solution  should 
be  proposed  only  after  all  viable  alternatives  have  been  riven  adequate 
cons i derat ion . 

b.  Structural  ’lethods.  Water  and  related- 1 and  resources  needs  are  met 
structurally  bv  projects  which  provide  physical  means  of  controlling  resources. 
Rrojects  may  range  in  size  and  scale  from  laroe  mu  1 1 i p I e- burpose  reservoirs 
to  s i ng I r— purpose  bank  stabilization  by  rip-rapping.  A summary  of  possible 
structural  solutions  to  water  and  related-land  resources  rr-'h|r-  i nr- ■ ; 

in  Table  I-?.  Inspection  of  this  table  indicates  that  most  structural  means 
serve  only  one  purpose,  but  that  reservoirs  can  provide  structural  solutions 
for  many  com'b  i nat  ions  of  resource  problems. 


TABLE  1-2 

SUMMARY  OF  STRUCTURAL  SCLUTIOfJS  TO  WATER 
AND  RELATED- LAND  RESOURCE  PROBLEMS 


> 


si 


I 
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1 . Dra i nage 

(a)  Ditches 
Cb)  Grading 

(c)  Pumping 

(d)  Sewers 

(e)  Tile  drai ns 

2.  Erosion 

(a)  Check  dams 

(b)  Levees 

(c)  Rip- rap 

(d)  Diversions 

(e)  Grade  stabilization  structures 

3.  Fish  and  Wi Id  I i fe 

(a)  fish  ladders 

(b)  Hatcheries 

(c)  Reservoirs 

4.  Flood  Damage  Reduction 

(a)  Channel  improvements 

(b)  Diversion 

(c)  Levees 

(d)  Reservoirs 

5.  Irrigation 

(a)  Ground  water  facilities 

(b)  Reservoirs 

(c)  Surface  water  facilities 


6.  Navigation 

(a)  Channel  improvements 

(b)  Harbors 

(c)  Locks 

(d)  Reservoirs 


(a)  Cool i ng  ponds 

( b ) Coo  I i no  towers 

(c)  Reservoirs 

(d)  Thermal  electri. 


p I ants 
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'fcroat i m 

(a ) Bas ir  fac i I i t i eo 
(Li)  Rosorvoirs 

W i-^er  Qua  I i tv 

( ))  round  «at-  r f i i I i t ies 
(t)  loprovoo  tr-- i*f^»-?nt 
(>' ) ’•I'Servr  i r';! 

(1)  ‘Surface  Alter  facilities 

7 . co;isiDCi'A^i.^‘;  or  altermative  rpcvlctc  and  p-v-c-tA: . 

Tte  process  of  plan  forrulation  consists  esser+ially  of  an  analvOi  .. 
-f  1 1 f -rrat  i ve  solutio>^s  to  identified  resource  proMers.  '^■e  I •'ct  i ■ • 

'f  projects  and  proqrif^s  is  -^ade  on  the  basis  of  econoric  feasitili^-y 
and  social  acceptab  i I i ’■y . In  many  instances  the  selection  can  be 
'•■id*'  without  detailed  analysis.  An  alternative  project  or  prograri  i 
onsidor-’d  to  be  simificanf  if  it  possesses  a reasonable  door  e ■' 
oconorU.  feasibility  or  social  acceptabi ) i ty . An  alternative  rrn'. -ct 
or  pr  ;r  !f"  i:  considered  t-o  be  not  siqnif  leant  if  it  fails  to  'nee'* 
the  reaui  ro'^ents  of  econoni.-  teasibilify  or  social  acceptab  i I i tv . A 
reasonable  riearee  rf  oconc'-ic  feasibility  of  a project  or  proqrar’ 
reqiiires  a sun  -narKet  valued  and  nonnarket  valued  benefits  iudaed 
to  be  at  least  corTar.able  to  the  cost  of  the  project  or  pronnirr.  A 
reasonable  deoree  of  social  acceptability  is  present  if  a protect  or 
pronrar  ptorvifes  the  wll-Leinq  or  the  interest  of  fhe  people  of  fhe 
. .rnunity,  the  red  ion  I'-r  the  N'ation. 
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PROBLEMS  AND  NEEDS 

I . INTRODUCTIQfl 

a.  nenerrjl.  A*  the  commen~enen'^  of  the  Ct>nDrehens  i ve  Grend  Pi  ver 
Studv,  public  hearinqs  were  conducted  in  the  Basin.  These  hearinqs  pro- 
vided the  public  an  opportunity  to  i'lentify  probler.s  and  indicate  'heir 
needs  and  interests  tor  water  resources  deve I opr'ent  in  the  Basi-".  ‘^peritic 
desires  for  imerovements  by  local  intere.  were  indicated  as  follows; 
naviqation;  flood  control,  and  flood  plain  i-forration  studies:  agricultural 
drainaqe  and  flood  control;  land  resoor:e  n^naaeoert;  irrication;  w ste^ 
supoly;  oanaqenerf  of  retired  hydro-power  res:'"/oirs;  A-;*er  qualify  ro-,*-r.|^ 
low  flow  augmentation  to  assimilate  treatec  'ewdqe,  sewaqe  dispnoal,  pol- 
lution controls,  ant  detergent  pollution  p-etl  ms;  ‘ i sb  a-- 1 w'Idlife  v^jdies, 
conservation,  and  water  aualitv  for  wiitli'o;  re  • .-1^0 ; ^ parkw;.'-:  d'e;qinq 
and  filling  inland  lakes;  future  qrowtn  and  ' n pj ^ • i ; 1 evnari  o;  ; 
diversion  of  water  for  essential  purposes. 

Section  II  o*  Appendiv  0 is  not  an  3i*-."n’  t . aO'en  1 -lu'i.-.n  to  *bo 
problem  of  rneetim  these  neerJs , but  is  si""plv  :n  atfempt  t<  present  a 
straightforward  picture  of  (I)  fhe  needs  as  fh.>y  exist"  todav , r ; (.")  a 
projection  of  these  -leeds  for  the  vears  IP8D,  TP'  , an;  TO.'. 

A review  of  Basin  resource  problems,  suP:;lies,  and  dem^r'd:  inti  cites 

a necessity  for  resource  development  programs.  Resour-e  problem-,  .jpriies 
and  demands  ‘or  the  Basin  have  been  identified  bv  the  reports  prepa'-ed  by 
the  part  i ci  pat  i nq  agencies.  Resource  n.->eds  n ive  teen  estimated  ’ n a:ri- 
culture,  forestry,  flood  control,  fish  n ■;  wildlife,  low  fl.-w  uqmentat  li>i 
for  water  quality,  and  naviqation.  Resource  needs  ir,-.  described  in  de*ai  I 
in  subsequent  paraqraphs  of  Section  II. 

The  urgency  in  solving  the  complex  problems  involvinq  the  use  o'  water 
and  related  land  will  become  increasinqly  more  C"ifiral  as  the  hum  m p->nu- 
lation  and  its  w iter  needs  qrow.  The  agricultural  ises  -f  w iter  are  expected 
to  increase  during  the  study  period,  with  emppasis  beinq  placed  -n  • ->w  crop 
irrigation  and  iand  drainage.  the  water  needs  foi  non  aqr  i cu  I tur  1 1 use-i  will 
become  even  more  import m+.  Water  needs  for  recreation,  domestic  household, 


ind  Industri.il  u'.'--  will  i nrr-.'ase  ion  i t i cant  I y , p.irti-al  irlv  '-or-- 
and  more  land  is  'aiv>-r+"d  to  thene  use  . 

(M  Anr  ieu  I t ,r  i I • The  major  aqr  i ■ u I ttira  I at  t i v i t i t^'a1 
u-e  water  d i r-.^ct  I y (livestock  production,  rural  dome'  ;ic  housed, ,|d  attiv- 
itio'-,  and  crop  irriqition)  involve  the  h.indlinq  of  hoth  qrou'.;  )ri'd  surfsci 
.-.ater  suppi  !'}'■.  Ground  water  .ources  are  mor»-  efficient  ir.d  dopendatli  , 

Put  I'erono  more  exre’e  i\e  to  u'-.e  if  w.iter  tables  recede.  Better  atili.''a'*i 
.-af  poth  type-  of  suppliee  I , iieedod  in  order  to  satisfv  the  exp.-,  *e ; 
rr.sases  in  crop  irri.;atian,  ruP'il  domestic,  .!hd  I ive-  toe*'  u'■.(‘■  . lwprove< 
water  retes'ti'Vi  methods  need  to  he  found  to  contKit  season, il  sh  r t ar.P'-  at 
critical  tire  it  t*,-  er-o.vina  'vcles. 

(.:)  Bor.aori . 1. 1 ti.ral  Jses.  hlt^eti's;  the  water  reed"  inc.  !■  f ipr)- 
ui  expandinn  urban  popul.ition  has  bocorne  one  of  '•'he  m.jji.r  ■■Jl'  ■ :■  !• 

Basin.  |ri  some  port!  >n  . ot  the  Ba-'in,  water  is  beir,.,  -taken  from  t' e around 
water  - iipplv  faster  than  it  is  bein’:  replenished.  Greater  use  must,  ‘■■■eri- 
fors  , be  made  of  -^he  .rface  and  impounded  water  , alonq  with  Cs-v-- 1 ,ie  j r,a 
bettor  water  reur-f  methods. 

It'i.b.  . tr  i a I needs  for  water  will  i ncreasi  a the  erono'sv  cf  the 
Basin  expands  i':  l pne  re|-  . Althouqh  the  extent  of  w itor  denrad.ition  ; 
industrial  us>es  i*  sm  1 1 I when  viewed  on  a basin-wide  ba'-i  , ritis.il  prohi--' 
are  created  in  I ooa  I aficiti  an.  where  waters  are  return.-d  to  th.  ir  river  d 
or  watercourses  in  a sup. -r -heated  condition.  Sorw  maniif actur i nn  industries 
-idd  harmful  liquid  effluents  from  their  processini  operations  directly  to  the 
water.  Effective  re-au  i .jtions  on  water  use  are  needed  to  b'  Ip  auid.  i ndustr  i e- 
in  fhe  proper  us.>  cf  thi;.  resource. 

b.  I Needs.  A narkot-va  I im’d  need  i a nu  an  t i tat  i v>  m.-.n-ure, 
inv..--rti  b le  i'ito  in.'t  :ry  t.'rms,  of  the  difference  betw.'cn  the  supplv  md 

demand  of  ,i  resource  to  tie  used  for  a s,pecific  purpos.'.  M,trket-v  iluod  needs 
can  iisuillv  be  associated  with  specific  locations  or  are. is  to  whirl,  proqrar- 
IP  ■ -K'p  I I cal'  I . ■ . 

c.  S ' imarkef  -V,i  I ued  ~b-  ■ I . Nonm.irket-va  I ued  needs  hav  real  vnlu-  in 
safisfyinq  h.im.in  desires  but  norm.illy  cannot  be  measured  in  monet.irv  t.-rr,-  . 
Ttie\  ire  norma  I !v  based  on  ftie  social  , lesttieitir,  or  .'nv  i ronrnen  I ,i  I au.il  i *\ 
desires  of  the  p^ipu  1 , 1 1 ion  . 


2.  WATER  SUPPLY. 


a.  Municipal  Water  Supply.  In  1963  there  were  h4  commur,  i t i c?s  in 
the  Grand  River  basin  served  by  community  water  supply  system..  T>^ese 
facilities  served  an  estimated  population  of  543,000  and  supplied  water 
at  the  average  rate  of  89  million  gallons  per  day  (m<i(i).  Of  this  total, 
approxi mate  I y 45.5  mgd  were  supplied  for  domestic,  public,  ana  commercial 
uses  and  43.5  mqd  were  supplied  for  industrial  use.  Table  Il-I  surnmari.Tos 
municipal  water  use  data  for  the  Grand  River  basin. 

TABLE  ll-l 

TOTAL  WATER  INTAKE  - MUNICIPAL  WATER 
SYSTEMS,  GRAND  RIVER  BASIN  (1965) 


Source 

Surface  Water 
Ground  Water 
Tota  I 


t^opulation  Served  Water  Intake  (’^gd) 

214.000  35 

320.000  54 

534.000  


Municipal  water  demands  for  the  major  water  service  ;r<?as  and  pro- 
jections to  the  years  1980  and  2020  are  presented  in  Table  11-2.  The 
projections  are  based  upon  considerations  of  population  nrowdi-,  antici- 
pated industrial  expansion,  and  projected  industrial  w.'iter  use  efficiencv. 
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b . Se  I t-oup;  I i oc!  Industrujl  >’.dtor.  ti  on  data  providod  :v  1”< 

bureau  of  the  f'ensud  in  a special  fabul  iiicn  for  the-  ‘"ederal  ..atcr  uility 
/'ora  n i jtrat  ion,  it  has  been  d<;  ferr.  i nod  that  the  rajor  dtjnand  for  self- 
supplied  industrial  water  in  the  Ijas  i n is  t^’o  rand  '-apids,  Lansin^-,  and 
.'.ickson  areas  as  shown  in  Table  II-’.  'r  - ieufiors  contairoc  in  ’ I e M-T 
were  devclor<c  fcllowin:  cons  i eeration  pt  a-^t  i ci  rate'd  I nc  resisrs  i'  i n jus- 
*rial  output  and  water  use  t.i  • i _ i ency  . 
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' 'nc  r.  resi  n*  Hre,  saw- Ills 


recuire  very  li*tle  industrial  vater.  In  thtri  wc'c  arrroy’''  itel,' 

30  "i  I lion  1 oarri  feet  o‘  lus.bcr  rrcduced.  The  total  c''r;  irod  .-a'-ep  usr 
of  those  present  r- i I I s is  ind  will  confinue  to  ho  a vr  ry  "''all  nor*  i"t,  pt 
the  total  indust’-ial  dor  and. 

IVesontIv,  there  are  nr  prir.ary  ranu'  uturinp  ruip  r | I | •,  in  fwp  ••r.in. 
The  v/atcr  needs  of  the  secondary  ^ pputa- tur  i n : , a;  or  rill,  I --cated  a* 
^ockford  in  Ncnf  County,  are  projccfi'd  to  douhio  hy  r’0.'’0.  I;  row  uses 
one  million  nallons  :cr  .’d  hours  of  rroratirn. 

d.  tyral  bouseticld  and  Livestock.  Tota.l  water  dc"-.'nds  ot  result  t- 
ments  for  rural  dorf.tic  and  livestc'ck  use  in  the  pro'P.'.t  .ear.  atr  padr 
UP  of  throe  Pas  i c component;, : (I)  water  needs  tor  .ill  livestock  . nsisfent 

with  the  sales  of  livosti^ck  and  livestock  products;  (C)  w.iter  dersinds  f<v 
the  fcirr,  faril'.  and  hired  farm  worhers  and  their  faril  ies;  and  (')  w.itr'b  t 
he  used  for  the  preparation  of  cnericals  .ind  pesticides  for  eerpt  •! 


tl-‘ 


farm  u a' 


Water  'qu i romotito  for  these  uses  represent  the  summation  of  total' 
for  e.ich  class  of  liv'  took  or  domestic  need  under  var  ious  assumed  uses 
and  use  ratev  for  the  three  projection  years.  It  is  assumed  that  crater 
needs  for  livestock  and  rural  domestic  farm  uses  will  he  generated  in 
areas  of  jdeujafe-  ground  water  supplies.  Tarri  oper.itors  would  not  knowimlv 
set  up  an  or'.t>  rpr  i se  ccmL  i nati  on  requiring  large  amounts  of  water  in  an 
area  wit"  i n.id-'quate  ruifural  supplies. 

ruJer  the  a';.s'in^'- 1 ior:',  ir-.ed  in  this  study  and  reflected  in  the  data 
on  Tjple  11-4,  tse  1 heO  need  for  water  was  h . I billion  aallons.  Family 
.%at'  r u ••  in  th-;  home  accounted  for  46  percent  of  the  total  and  the  con- 
sumption t'v  dairy  >attl  • in  the  ororiuction  of  mill-  also  reauirot  i large 
quar:  t i ty  of  w ) for  . 

i'lur.jl  hor-'o  arid  liv>‘afock  total  water  demands  are  ovDecteri  to  i ncreaS' 
f-'  ’ rillio:,  :-]||ons  in  1*^0,  then  6.^  in  2000,  and  nearly  in  2020, 
t'le  l.ifr-ar  teio,;  sor^e  4'i  percent  above  the  1 9o0  esfira+.w]  use  level.  A|- 
t'ouari  f 1"  i I v water  us-s  rate-:.  rist>  continually  over  th..  study  period,  th.- 
r'C  tuc f i ■ ■ in  nurriOt-rs.  • * people  is  sufficient  to  cause  a dowiward  tr-^nd 
i r-  p.-tfi  ‘•"e  alsolut-,  'w  it'r  not'd  .^nd  the  proportion  thi:  item  comprises  of 

th.-  r.st.il.  .'ne-f.HJrth  vf  all  water  requirement",  in  .'020  arc  for  family 
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LSnVAILl)  l‘H>0-20?0  GENbRAL  FARM,  LIVi.'-T'  .K  ANi,  f^UF<AI  -TRAM 
DOMESTIC  WAFER  REQU  I Rt  ••T  R i . 1/ 


Grand 

River  Bas i 

n,  Michigan 

1 ber 

Annua  1 

Use 

IM60 

l“80 

2000 

2020 

(Million 

Ua 1 1 ons ) 

Cow-;  ?/  Milk 

1,104.2 

l,0h(.2  1 

, 3')0.  1 

1 ,727.t 

Pry  L.\;  ws 

94.5 

89 . 7 

101.3 

117.’ 

Ycuno  Stock 

43‘’  .9 

335.<! 

37') . ■' 

440. , 

iMiry  Cl  eon  inn 

2b.  2 

84.0 

IHO.7 

220.  1 

Da i rv  an i t i z i nq 

105.0 

125.9 

1 RO . 7 

220.  1 

Liqi,  id  Mdnuro  Handling 

- 

4.2 

2 3.7 

5‘‘  .0 

Sows 

23.8 

3 3.9 

55.7 

t o.y 

fins  2/ 

70.3 

1 14.2 

187.7 

24  1 

. 1 1 1 ow 

21.2 

5 1 .9 

72 . 7 

48.. 

' . 1 eat -San i ^ i 2 i ng 

- 

02. 3 

174. 4 

231  .4 

F ;q  i nq-Coo  1 i ng 

- 

26.0 

72  .7 

I02..8 

Lay  i ri-t  F I n k 4 aa  1 / 

_ 

_ 

100,  W bounq  1 qa 1 / 

- 

_ 

ion  2/ 

Ct.7 

l('.4 

20.8 

8.  '3 

Eqq  AdShinq 

5.9 

3.  5 

4 

1 . 7 

C 1 ean-San i t i 2 i nq 

.4 

r, 

. Q 

r. 

Sp rav i nq-CooI i ng 

- 

8.  3 

boo+  and 

- 

_ 

_ 

Rep  1 jcements 

75.  S 

1 12.2 

.■'19.3 

348. 5 

tattle  X Calves  2/ 

351.0 

408.  1 

657.8 

063.7 

('  1 ean-San  i t i z i ng 

1 . 1 

5.0 

12.0 

1 5 .0 

Fwrkovs  2/ 

35.2 

40. 3 

71  .9 

100.0 

L 1 ean- :an i t i 2 i nq 

f. 

1 . 3 

■r  7 

t . H 

apt  ly  i nq-t  oo  1 i ng 

- 

4.5 

1 3.  1 

18.5 

Ltieep  1 anPs  2/ 

2F.  1 

18.5 

20.7 

2’,  .5 

two  rioi.K 

■1 1 . 8 

33. B 

43.0 

54  . 

C lo.in-  'an  i f i .•  i nq 

.2 

. C) 

1 .8 

- - 

FaP’i  ly  water  I'se 

2,83^. 

2 -1  tv  Q .•  2 

, 1 00  . 1 

2, 168. 1 

it  Truck  Wash 

5 5.1' 

1 '2 

l.’O.t' 

00.0 

Fawn  .'v  ■..'•artlon 

1 4H..' 

244  . ‘ 

402.0 

40'-.  0 

dwiP'P.inq  Poi'>l 

- 

18.4 

101.2 

202 . 5 

Mi  rod  Workers  'F  F ami  1 y 

020. 5 

728.. 2 

750.  y 

722.7 

Mortal i ty 

- 

_ 

_ 

jhoop  ('■--1‘iV) 

■■’.0 

1 . 

1 .5 

1 .4 

Hoof 

1 .9 

o •« 

5.  1 

Dairy  ( S-n  ) 

23.  < 

1 7.0 

|5.:^ 

1 

i'iqs  (‘'-r-ri 

5.7 

5.0 

( . 0 

t .0 

Voqotablo-v 

7.4 

10.4 

8.2 

0.4 

f r ,j  i t 

85.8 

F32.4 

07.  o 

80.. 

■ im  1 1 r ' a i t 

3.  1 

6.0 

6.  1 

8 ' 

F’otatof's 

t’-  1 

2.7 

o V. 

4 . ■ 

r.'tal 

_^|54.o  ( , 

, 8')4.t. 

H,o--.7.  ■■■ 

1/  'Vl.ipf'v!  fr,--  Systop-',  -VMlyr.is  to  Mop  I 'I'h.truii  r-.'ru1i-tE'n'.  A>:ri- 

n I t , 1 1 t no  i noor  i no  Dep.ir  ■tpimi  F , ' ‘ i v h i oof'  f ,i  t o I in  i vot  i t y , I ii  t ' . " . i * i > ■! 
S.  r i.',.  I‘  f i lo  N.-.  IH. 
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5.  LANP  PfSOlTTLS 

j.  I rr  i qjt  i cn . The  anxiunt  o<  acri  cultural  land  A'hich  will  1^  o irri- 
gate,' i’i  excocted  to  increase  during  the  study  aericc.  The  arrunt  of 
v.iTtr  required  to  irricaf-o  these  added  acres  wil  I also  increase. 

In  I'f'T,  11,37'^  acre-feet  of  water  (approx  i rate  I y ’,70';  rillit;n 
..tllrr.j)  were  used  to  irrigate  71,167  acres,  "cst  of  r^c  irrigated  I and 
pl.inted  to  tracts  crops,  fruit,  and  potatoes.  It  also  included  sorr 
■ ' - r.-r ' cu  I tura  I irrieation  of  rc  I ' courses,  parks,  -ind  cereteries. 

T'  l.  h.Tttern  of  irrigation  was  estirated  throuch  use  of  an  econoric 
fwrii-etin-  rrccedure  which  identified  the  extent  of  irrieatistn  to  to 
.i.Kti.'eu  by  '..asin  far"'^r'-  to  of  f i c i unt  I y reel  their  share  of  the  -arkot 
• eed  , . Trie  tot.i  I projected  acreage  of  fruits  anc  vonofahics  r^ee;  c „-'.et 
irr  i sition  in  i 'oC  is  nearly  17,7)0  acres  (Tat'le  11-3).  I'le  derand  for 
irr  ' ecreace  of  these  crops  is  projected  to  be  73,007  in  ttie  vcir 

. and  37,000  in  2020.  Vegetable  crops  account  for  the  rajor  acreacc 
' ■ V,  I V to  t c i r r i gatec  . 

■'••thrr  rcsul*  ot  the  econoric  budeetiro  ncdel  indic.ateri  t'^at  the  only 
■t’uril  ''eld  crap  with  an  econoric  potential  for  irri'sitirn  under  average 
. r ■ -ring's  ir  all  three  projection  years  is  potatoes.  Soil  Orcup  T 

. the  areatest  potential  for  potatoes.  The  total  projected  acre'>:e 
f irri  -ated  potatoes  neeced  will  be  4,000  in  I'^SO,  nearly  4,600  in  O'^on, 

ara 

• r.  'ections  show  a potential  for  20,030;  3f,ff2  and  4p,  044  acres 
under  agricultural  irrieation  for  years  I^^SO,  2000  and  2C2^,  respect  i vol  , 
whi.-p  would  recuire  25,370;  31,209  and  3P,?34  jcrc-fect  of  w.itrr  on  an 
IV- rj  le  annual  basis. 

p.  Lang  Treatrent.  i roper  ranacerent  of  the  land,  its  use  and  treat- 
' i . rr-’dod  ‘or  the  oonera  I econoric  orowth  and  hetterrent  of  the  fas  in. 

■■  land  tre.itrent  pronrar  that  will  provide  for  continuous  utilisation  of 
land  resources  to  satisfy  current  needs  and  at  the  sa'"c  tiro  conserve  tfiis 
i>  . -urce  for  future  needs  is  essential. 

Cl  nor i c profcctions  of  crops,  yields,  and  costs  of  production  con- 
‘airfd  in  fs,  is  studv  are  based  on  adcouate  land  use,  treatronts,  and  r.,-3nao(~ 
-..-t.  'jiiure  to  follow  adeguate  practices  would,  of  course,  substant  I giy 
red,_i.  I rejected  yields  and  increase  costs  of  protection.  Therefore,  a 
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Soil  Associations,  with  Acre-Inches  of  Water 


''.ourci:  UnpuMis:  J irri  :ation  study,  f'cono"!'.  ' •rvice 

l^o-;rt''.er  ^ f-nr  I su  I , I9^C'. 


: o‘  I ind  troatrunt  to  reduce  runoff,  erocion,  ane  seci  i r t n f at  i (■;r 

r'ust  t u carried  out. 


The  ‘‘ichir]an  Inventory  of  Go  i I and  Water  ronservaticn  ‘.'eeds  shov/n 


;rojcctoi  future  acreaccs  of  cropland,  pasture,  fc-fesr  and  A'oodlano  tnat 


.-.ill  -eod  cons 

ervation  treatrent.  '‘ron  the 

total  of  9.1 

I 1 1 Icn  acres  \ d 

•e *err i n in 

to.  lo  in  need  of  Treatront  by  I'^SO  nnrulc  be  subtracted  1 

”'e  'iroun+  of 

land  treatrent 

app  1 i c-d  cun  i P‘ 

the  l''-.'ear 

rnrlor,  .lanuary  i 

I ‘58  thrcusn 

u'-e  30,  |‘>fs  to 

deterrine  the 

ox  i s * i ni  ■ u r f 

i ' 1 od  nee  d'  . 

TAbLL  1 l-f 

: 'rYG  1981 

LAf.'C  TPE8T“E':T 

‘lECnG 

Acnease 

t'er  a i h i r •' m 

Expected 

‘ieed  i nn 

Acreare 

^'oc  uitin- 

8 crease 

T reatrent 

T rrated 

t r f a t’'^  ( n t 

i-.-ind  ''se 

I'se  1938  2/ 

1980  2/ 

|osp_rp  -5/ 

by  198'' 

rZ'^\  7\rL 

1 ,P.90 

o 

o 

o 

r,r*f' 

74p,9on 

■ r.  *jro 

2f ''>,099 

1 sd  ,n.9(h 

I4h,e,hn  k 

r.^  , * 

f'15, 69'' 

‘ta0,000 

471 

"i  sc-'l  I an-...';j' 

386,790 

107,000 

/ on'' 

* » 

l.h-,-"' 

then  1/ 

399.500 

0 

n 

n ' 

Tnta  1 

3.558.400 

2,097.090 

i'9‘.'  .000 

U'' 7 1.^99 

1 ''  Includes  suburban  built-up  areas  and  '-.'atcr  sur-^ace  ncrea''c. 

1./  cased  on  l‘3GP  Conservation  I'.'eeds  Inventory 

3/  '‘.Tlieu  ! r jr  January  195P.  to  June  30,  1968. 

(I)  Cror  and  f"as  ture  I and . The  Conservation  '.'eeds  lrvfni''rv  ir  I ■ 
ice'tifiej  1,516,000  acres  of  cropland  in  1980  havino  me  or  core  conserv  it  ion 
pr  : I cr  , :nd  rcsuirinj  conservation  treatment  in  order  to  n^i;-  reef  future 
i I n crof  ne-.ds.  Over  one- third  of  the  orininal  needs  have  I'ccr  f rooted  in 
the  last  te-n  years,  '.'oar  ly  750,900  acres  rerain  in  need  of  trc.'tror'*.  ’'.ucf 
itrerit  should  be  neared  specifically  toward  s i cn  i f i cant  I y reducin'-  .v  i nd 
.:"d  w.iter  erosion  on  I9C,000  acres,  excess  water  on  or  in  39 1, ''99  acres. 
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me  unf  .ivi' r.)L  I >'  soil  ctnditions  on 

“t'Out  acres  .Ncrc-  identitie.:  tv  r*"e  fenservat  i - ’ '.eci:  • I'vr- 

tory  as  anticiritoa  pas  turc  I and , t-iat  nccciid  enc  or  rore  r 5=;  ' I .me 
'^enf  "lo.asurrv  i r,  l‘'.E.  There  have  t-eer  ^ acres  saciss'ull-  in 

The  ;ast  accaci,.  The  acreaee  ren'o  i r i n , ir  need  of  Treat'^enT  is 
'^ajor  neeas  me  f".e  es  tah  I i shnenT  or  rr-f-sfa!  I i -.em.t.-nt  . t veoc'.mi  • • ” 

acres  and  r'u  i r r revorer.-t  of  venotative  cover  on  hr, teres  ■ ‘ r r meros. 
total  IT,''"'  acres  wot  areas  -'ccC  ^e'-  val  of  excess  ..ate-  r ; t c ■ i •- 

o*  veot'.m'vt  cover,  tpcatrent  measures  *o  control  soil  or.  ^ - r e ,•  I nperc'' 

(.  ) ■ rest  and  '.Voocllancf.  I ■ h.avi  t.se  I9''>e  f.onser\  -I  r • . 's 

Inve rv  i ■■•rm-ied  3?7,'^00  acres  of  forested  I art  as  n.-ectio  > r-e-  - - re  cor- 

servatior  re.:  or-  , the  present  -acreaef-  rrojectod  f-  r f rested  I •- d o-'a  in 
IV- •-  i - e : '•  tro^atrenT  is  -171,^09.  The  net  ;a  i n r-r-sul-'ca  •.''e-'  -xroefra 

addition  cf  idle  crop  and  pastureland  acres  to  forest  land  ase:.  c • rp ,.  | .i-ro .: 
the  acreaoc:  reccivir;  treatnent  reasuros  In  the  past  decade. 

■'estoefin:  or  restoration  to.  a productive  condition  w'm  'r  -r-odi-r 
on  l3-'',9r)'T  .icres  ot  c.-^rrerc  ia  I forest  land  ana  idle  oron  lands  rrc.--rti, 
nop-stockod  -r  ponrlv  stocktd  by  HP'',  ’rotectior  Tor  overcut-in-  ,.tt; 
cxccssivt-  l-ho'-.ip,-  aarjee  is  reeded  cr  3tt',?ori  acres.  ’ r.irine  contr-'-l  is 
needed  or.  '"=1,”''^  acres,  r'vdrolceic  stand  irpreveront  is  needed  r n:'.;'-"-''  <rres 
rire  pretection  on  forested  lands  is  presently  tein;  h.Mdle;: 
adeouatciv  f",  tn».  "ic.^l  tan  "epartrenf  of  ‘.atural  opje^rces  ir  coopnrat  i.-n 
with  t-'o  r-.rest  Trvice.  In  order  *c  rect  tuturo  protection  renu  i rer-er  *-s , 
there'  is  a need  f t .(dditional  prush-type  wildfire  ehuiprent  in  the  vrler'err 
fire  dcp  1 r Ten  *•  unit  ind  tor  additional  prevention  pro-mar-s  and  tr  iir-ln-:  In 
wildfire  ’.uPP-rcss  ion  technitucs. 

■'voro  trees  and  shrubs  should  be  planted  and  prclecfea  in  urpar  arc 
suburban  areas,  "oro  technical  assistance  and  consultative  and  educ.nf  ir  n,!l 
services  are  retuired  in  deve  I op  i n-t  urban  fores*  and  ccnservifion  a.rd  ir-rr-ve- 
rent  practices  for  env i ronrenta I enhancenent . 

(3)  ‘.cnaoricul  tural  Lan-d.  I*  is  cstiratod  that  r3,  " • ores 

proie'cted  to  be  classi‘iod  as  risccl  laneous  lard  in  |o,w'  i I I -'n<' : r .tv 
fret  plantinn  to  control  runoff  and  erosion. 

Landowner,  will  ercounter  increased  pressure  f - ronvf-t  ‘ -"l  ii 
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.V  r i cu I tura I ano  tores  tod  lands  into  urban- i ndus tr i a I uses,  sucn  as  hinnAays, 
airsorts,  and  urban-sudurbon  deve I eprents . 

Land  use  chanac  has  an  inportart  ctfect  on  tno  ra i n ta  I i - r un^  f' 
relationship.  The  trenc  to  urban  and  "paved"  land  uses  in  the  '"rand  Piver 
basin  will  dir-inish  late  surrer  low  flows,  will  increase  flood  hazards  after 
neavv  procipi  tation  or  snow  rrelt-,  and  will  inpair  resharr.c-  of  oround  ■.-.ater 
s vsters . 

The  orderly  ernversien  of  crop  and  oastureland  should  be  cnecuraoeri 
f'  prevent  haphazard  urianizatior  and  excessive  reductions  in  the  better 
agricultural  lard. 

“ore  intensive  use  of  cropland  and  woodland  acres  for  recreation 
: urposes  is  expected,  “ultirle  use  of  such  [fas  i n lands  when  feasible  for 
••ikin-j,  picnicrsin-,  nuntin:,  and  other  natural  resource- based  recreation 
activities  is  necessary  and  desirable.  sater  oriented  outdoor  recrca+ion 
is  an  ioportant  part  ot  the  people's  attraction  to  aoricultural  and  forested 
sertincs.  though  r arv  locations  have  adeouate  resource  conditions,  the 
facilities  need  to  be  developed,  ir^provod,  or  raae  rore  ava  i I ab  I e for  put  lie 
use.  Lot' ■- ranee  plarrin  ; and  direction  is  needed  to  heir  roet  both  the 
increasing  future  private  and  public  recreation  needs. 

c,  r.ra  i nane.  /''pprox  ioatol  v 63'^, 000  acres  of  land  arc  affected  bv 
excess  soil  roisture.  There  is  an  econonic  potential  for  cirainanr  that  will 
reduce  on-farr  production  costs  on  177, 70Q  acres  of  cropland  by  I'^BG.  Tnorc 
will  I'c  an  econoric  potential  for  drainaoe  of  cropland  on  133, 7h0  aerr'^  in 
7C00,  and  156,600  acres  in  2070  (Tabic  11-7). 

■'f  the  total  amount  needed  by  198^,  23,96  5 acres  of  cmanic  soil  and 
T7,d30  acres  of  mineral  soil  can  be  improved  by  adeouate  rut  lets  v/ i th  i n 
•^he  watersheds  inventoried  in  this  study  desi  mated  as  havino  potential  for 
Oirl-,  devc  lopr'f'nt  (the  next  10  to  15  years).  The  additional  acre.iroof  land 
c in  be  obtiined  throuch  the  use  of  on-fnrr  and  small  croup  rirainane  facilities 

d.  Lrban  Land  Treatment.  the  number  of  people  II  vine  in  motrcpolifi 

and  Suburban  areas  has  increased,  the  need  for  natural  areas  with  trees  and 
shrut'S  ha'*  increisec)  proportionately.  This  has  become  a severe  p rob  I or  in 

m iny  areas.  Its  solution  has  been  complicated  by  incroasinc  competition  for 
I and.  renditions  for  plant  <jrowtb,  have  steadily  deteriorated  because 
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ACFEAOF  or  CPOrLA'.'D  Pr7t'K  Ifr  nPAI';A''L 

Afjr'  MAviMo  AN  t.corjO"ir  roiE^r.TiAi  TO  nPAir!  1/ 


Assoc i at i on 

1980 

2000 

2020 

1 

^’b.cOO 

4,000 

7,3-n 

14,400 

35,590 

r ->  nAQ 

3 

16,400 

61,400 

55,200 

& 

74,600 

5,00'' 

7 , 300 

r, 

31,000 

0 

l",200 

r 

11,400 

n 

1 ,''00 

7 

4,300 

2C,^00 

^ , 700 

Tota  1 

177,700 

1 33,700 

1 56,600 

1/  nrainanc  has  the  '"Otcntial  of  roriucinr:  the  over.'ll  nn-farr 
cost  of  proQucinn  agricultural  crops  on  these  soils  f ror  v.hat  would 
prevail  in  the  basin  it  these  soils  were  left  in  their  unorained  stat'. 
Costs  of  providing  outiets,  where  needed,  throunh  nub  Me  exT-r  "d  i 1 ures 
have  not  been  included. 
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t air  pollution,  u‘ri-’u;rt,  tTjsion,  hea"*",  mechanual  tia/arcls,  poor  soil,  and 
■ <thtjr  adverse  intlut-nces  resulting  fr./'.  construction  and  concentration  of  use. 
ir.e  loss  of  trees  and  shrubs  has  led  in  turn  to  the  destruction  of  environmental 
values.  Trees  and  snruh-.  have  an  ame I iorati vo  effect  on  air  temperature;  they 
J in;j.>n  the  hjrsii  sounds  of  the  city:  they  have  beneficial  effects  on  air  pollu- 
tion; tney  reduce  erosion  and  sedimentation;  they  protect  water  supply;  and  they 
ennance  *'he  beauty  of  natural  surroundings.  M.any  State,  community,  and  private 
1,1' j areas  ire  Jeter iorati ng  rapidly  due  to  over- .se  of  land,  destructive  land 
use  pra:ti  , and  inadequate  knowledge  of  the  principles  of  resource  manaqerren+. 
niess  a stron.;  program  is  undertaken  to  stop  the  acceleratina  deterioration  of 
fural  environment  in  and  around  areas  of  high  density  population,  the  costs 
;f  correction  will  become  extremely  high.  In  many  cases,  correction  will  become 
i"i!Ossible.  I order  to  ue  successful,  public  and  private  programs  for  planning 
:nd  m.ii'.-.qinq  '.ifural  lands  within  urban  areas  must  embody  the  proper  combination 
.f  I".  hni.:al  i s ' i p | j qos  , careful  planning,  management,  and  strong  cor-munify 
1 Tie. 

o.  soil  .nirvev.  Agricultural  land  is  under  increasing  pressure  from 
urban  .growth  and  expanding  public  facilities.  The  land  use  decisions  which  are 
,.'in,j  made  d.iily  require  sound  planning.  A detailed  soil  survey  is  basic  to 
ih‘:  plannirv',  process.  ihis  invento'-y  of  our  soil  resources  shows  the  location 
of  jifferent  soil-j,  describes  their  physical  and  chemical  properties,  and 
.imri.uri j thei'  I I tat  ions  for  various  uses. 

Approximately  .".SCO  acxes  in  the  Basin  are  being  converted  to  urban  uses 
annual  Iv.  This  acreage  will  nearly  aoubic  by  the  year  2020.  This  scope  of 
lev.,' I ocm'  nt  'T.i.t  be  based  on  sound  soil  information. 

At  this  time,  eleven  of  the  twenty  counties  with  acreage  within  the  Basin 
h 3v^'  .oil  surv-’vs  completed  or  scheduled  for  completion.  There  are  no  current 
pi  inu  for  completing  rhe  det.ailed  soil  survey  in  the  remaining  nine  counties. 

In  theca  areas,  fh<;  Soil  r.on'^orvation  Service  will  ;ontinue  to  provide  soil 
.urv-yu  te  i nd  i V i d'-j.)  I I .jndc-.vn-irs  for  conservation  pl.;mninq.  Thiu  will  not, 
h. woven,  bo  sutfi  lent  to  provide  guidance  for  all  anticipated  land  use  decisions. 

UA'/ICATl'N 

I . i..».  i •-  i i n. ; f rojee  t , and  Terminal  and  Transfer  Facilities. 

(1)  L.xi  ufing  Project.  The  existimj  project  for  Grand  H.iven  harbor 
ind  .'.rang  t-aver  pr-vide.-  far  protecting  the  mouth  of  the  river  with  piers  and 
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and  revctnontG,  5, '60  and  6,549  feet  in  len'-;tn  on  nortn  and  scut'  ■ \ • 

nespecti  vel  y;  for  a channel  23  feef  dorr,  3^0  feet  wide  f ror  ;<  r “ i' 

Lake  ''ichioan  to  a point  1,000  feet  inside  the  pier  ends;  thence  21  deer, 

30C  feet  wide,  2-1/2  riles  lonq  to  the  ''rand  Trunk  Railway  brid^f  * 'rrrvstLr'- 
vvith  a furninn  biisin  13  feet  deep,  100  foot  wiao,  3,100  fret  l''nr:  h .rrino 
Lake;  and  a channel  in  ^rand  I'iver  fi  feet  deep,  I O''  feet  wide,  and  14-1/2 
files  lone.  Tfie  existini:  project  was  substantially  corpletod  in  I s'.s . .■  con- 
trol I inn  depth  of  23  feet  is  [ resent  ly  available  In  the  entraner  -r;!  I;  ; 1 
feet  between  the  piers  and  in  the  river  to  the  ^rand  Trunk  'ailwiv  ' f I 'e;  I 
feet  in  the  turninr  basin;  6 feet  in  ''rand  ’ i ver  to  bass  • ivrr;  emr  In  feet  in 
the  outlet  fror  Srrino  Lake.  / I I proj'ect  structures  arc  in  nercrallv  ' r'Od  condi- 
tion, Total  cost'-  of  the  navicaticn  projects  to  3o  lunc  197|  "'avi  'f  .ntrri  'o 
Sl,233,46d  for  now  work,  $6,916,335  for  maintenance,  and  i r r<  • r ili- 

t at  ion  of  project  structurx'S  . 

(2)  Terminal  and  Transfer  Facl.llties.  The  only  siopifir^rt 
terminal  and  transfer  facilities  are  located  at  ''rand  Haven  Harbor.  Thov 
consist  of  several  wharves  used  for  haruiiino  coal,  limestone,  slao,  ■.onri  and 
gravel,  petroleum  products,  fish,  and  miscellaneous  commoa i f i es . li-crc  is  also 
a car  ferry  slip  which  is  inactive.  Sand  and  gravel  shipping  tor’inalj  are  loca- 
ted near  the  Bass  Kiver  at  the  upstream  limit  of  the  existing  rod-ral  project. 

Sand  and  gravel  fror-  these  terminals  is  snipped  by  harcr  to  "'r.-nd  ’nppp 

are  no  commercial  terminals  or  transfer  facilities  located  at  th<  city  of  rand 
Pap  i ds . for  recreational  craft  there  are  marinas  in  the  '"rand  Haven  ar<ha  and 
numerous  landinp  places  along  the  river,  '■'hese  facil  itios  appear  adf  puafe  for 
existing  commerce  and  vessel  traffic.  If  channel  improvements  <rr  madr  to  pcrmi+ 
a significant  increase  in  boatinn,  facilities  will  be  provided  as  ■'he  mood  arise'., 
b . Commerce. 

(I)  r enerai  . Future  waterborne  commerce  at  ''■rand  Haven  l.arf.or  is 
cxpi.-ctod  to  increase  aicng  with  an  anticipated  steady  incre.ase  in  popul  ifion 
over  the  tributary  area  and  future  growth  in  road  building,  huildina  const ruct ior , 
and  industrial  expansion.  Hrowth  of  general  industry  is  expected  due  to  th(? 
harbor's  '’eonra''h  i ca  I location  on  the  west  coast  of  "ichigan  .and  i fs  proximity  to 
the  i ndus  tr  i a I i red  Crand  Papids  "etrepo  I i tan  Area.  The  expeefed  inert'ase  it 
vessel  cor.mcrce  will  continue  to  consist  mainly  of  receipts  of  coal  and 
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and  limestone  and  shipmcrts  of  sand  and  oravel . 

(i)  "rand  haven  Harbor.  The  vo  I urt'e  of  lakewise  waterborne  corrorcf 
throu(jh  "rand  Haven  tuirhor  amounted  to  3,3i!8,447  tons  in  1970.  Th(,'  oreater 

portion  was  moved  by  deep-draft  se  I f-un  I oader  typo  vessels  and  consisted  l.arf^r.i/ 

O’  coal,  slao,  petroleum,  products,  and  limestcne  receipts  alone  with  sand  and 
;ravi_l  jhipments.  iJurin...  the  past  10  years,  fho  commerce  of  the  hcarbor  h.as  varif’d 
from  a minimum  of  2,669,427  tons  in  1961  to  a maximum  of  3^693,175  tons  in  1969. 

0.1.  averarje  of  the  P-year  period,  1961  to  1970,  being  3,146,174  tons. 

Local  com.rorcial  interests  indicate  that  the  harbor's  sand  and  ’'ravel  shi:- 
r’onts  can  be  expectec  to  increase.  Oevora  I reserves  presently  servinr  tfie  "re.jf 
L.imes  are  near  depletii  n.  band  and  cravel  shipments  should  increase  by  500,"''-"  f-’-ns 
: fhe  year  1975  as  sand  arc  cravol  presently  shipped  from  reserves  near  derIcfi-T 
is  ror  I aced  b / sand  and  .''r-ivel  shipped  throuch  "rand  Haven  Harbor.  The  ship"rr,1 
car  be  expected  to  increase  annually  by  about  25,000  tons  ; er  year  durinc  the  period 
I • throunh  I985.  Tr-.e  harbor's  lirostone  receipts  can  bo  expeefed  tr  i nerc  asc 
c’nually  by  abouf  5,000  tens  tfirouch  the  year  I985.  Coal  shipmenfs,  primarily 
used  in  the  production  of  electricity,  can  be  exr-cctod  tc;  increase  by  237,000  tons 
: , |975  and  by  600  tons  annually  between  |075  and  I9R‘_  phe  board  of  Li-'ht  ind  i o'-.er 
■ f ■‘■ho  city  of  '-rand  Haven  has  indicated  that  the  c.'.pacitv  of  their  Island  "enerafiro 
.tation  will  bo  increased  1 10  moeawatts  by  1975  re(':uirind  a large  increase  in  cf">l 
usa-:e.  It  is  expected  that  hy  1985,  annual  inbound  vessel  traffic  wil I include 
d8'',000  tons  of  coal  and  183,000  tons  of  limestone.  It  is  also  expected  t'l.jf  ruf- 
bound  sel  f-un  I oad  i no  vessel  fraffic  will  include  2,010,000  tons  of  sand  and  -'-ravel. 

(3)  Grand  i-iver  Intraport.  Commerce  on  the  "rand  'Ivor  is  I I r i tec  ; 
the  shipment  of  sand  and  gravel  from  the  deposits  located  at  the  mouth  of  the  L.iss 
f'iver  to  the  harbor  at  ^rand  Haven,  a distance  of  14-1/2  miles.  .''II  o'  this  c.'-m- 
r'crce  was  moved  by  sha I low-draf t barges,  two  barnes  per  tow,  and  durinc  1970  con- 
sisted of  728,594  tons  of  sand  from  the  area  known  as  "the  sac"  and  l,0H0,|-'O  ton-"- 
of  unprocessed  nravel  from  the  reserves  near  the  mouth  of  the  bass  "iver.  '■-fff:r 
process  i m , 37-',  !|9  tons  of  gravel  were  shipped  by  lake  vessel  and  the  remainino 

•'"7, "41  tons  wore  distributed  hy  railroad  and  truck.  All  of  the  sand  was  reshippec 
by  lake  vessel.  The  total  volume  of  intraport  commerce  on  the  '"rand  River 
amounted  to  1,613,057  tons  in  1970. 

Local  :,..nd  and  gravel  interests  indicate  that  intraport  shipmr'nts  to 
their  proco5.sino  and  shippinn  f aci  I i f ios  can  bo  expected  to  increase,  by  |985,  if 
is  expected  that  2,000,000  tons  of  cravel  will  brf'shipped  from  the  reserves  near  fhi 
routh  of  the  Bass  River  to  the  process  in-g  plant.  Toundry  sand  f ron  the  sac  arc.)  is 
cx;  ected  to  increase  to  I,t97,.100  tons  by  1 985. 


c.  Commercial  Vessel  Traffic.  Great  Lakes  bulk  cargo  is  trans- 
ported by  a fleet  of  vessels  which  is  undergoing  gradual,  but  deliber- 
ate, transformation.  The  average  draft,  length,  and  capacity  of  thr? 
lake  carriers  is  continually  increasing.  Two  factors  have  accelerated 
this  trend:  (I)  obsolescence  in  the  present  fleet;  and  (2)  the 

deepening  of  the  Connecting  Channels  and  the  major  commercial  harbor^. 

New  vessels,  which  have  been  designed  to  taKe  full  advantage  of  th» 
greater  depths,  and  vessels  that  have  been  rebuilt,  operate  at  a lower 
cost  per  ton  only  when  loaded  at  or  near  maximum  capacitv. 

A study  of  United  States  and  Canadian  flag  se I f-un I oad i ng  vessels 
shows  that  most  of  the  vessels  calling  at  Grand  Haven  had  attainable 
drafts  of  over  21  feet,  the  limiting  project  depth.  As  a result  they 
were  unable  to  f i I I to,  or  near  capacitv.  The  vessels  with  maxim;um 
drafts  less  than  21  feet  probably  will  soon  be  replaced  with  deeper 
draft,  longer  vessels.  With  ships  calling  at  Grand  Haven  not  loadinq 
to  capacity,  economic  advantages  of  cheaper  shipping  are  lost.  Deepening 
Grand  Haven  Harbor  to  Great  Lakes  Connecting  Channel  depths  is  necessary 
to  accommodate  the  existing  and  future  Great  Lakes  fleets. 

Grand  Haven  Harbor's  commerce  is  expected  to  increase  and  consist 
mainly  of  receipts  of  coal,  limestone,  and  sand  and  gravel.  Land  and 
dock  sites  along  the  shore,  rail  facilities,  highways,  and  an  improved 
deep-draft  harbor  may  attract  new  industry  and  waterborne  commerce.  It 
is  expected  that  the  size  of  deep-draft  vessels  serving  Grand  Haven 
Harbor  will  increase  in  the  future.  The  average  size  of  vessels  in 
the  Great  Lakes  bulk  cargo  fleet  has  been  increasing  since  World  W.jr  II 
and  more  noticeably  In  the  last  ten  years.  This  increase  Is  attributed 
to  the  fact  that  many  of  the  smaller  vessels  have  reached  or  passed 
their  50  year  life  expectancy  and  gr*^.ater  economies  are  realized  by 
using  larger,  mors  efficient  carriers.  Completion  of  the  St.  Lawrence 
Seaway  and  deepening  of  the  Great  Lakes  Connecting  Channels,  together 
with  the  deepcining  of  major  commercial  harbors,  have  served  to  acceler- 
ate this  transition.  Most  new  vessels,  which  have  been  designed  to 
take  advantage  of  the  greater  depths  now  available,  operate  at  a lower 
cost  per  ton  only  when  loaded  at  or  near  maximum  capacity. 


It  is  expected  th.i+  sel  t-ur  loud-.rs  will  continue  to  carry  the 
harbor's  bulk  coal,  I imest  .ne,  'and,  and  qravel  cor’irrnrcr.  The  laroo 
tonnage  increases  expected  for  tr.ose  commodities  in  trie  f\jture  will 
result  in  increased  harbor  traffic,  and  the  need  for  deener  harbor 
facilities,  to  accommodate  deep-draft  shippina.  'it  ipping  companies 
on  the  Great  Lakes  have  been  retiring  or  rebuilding  flt-it  old,  mall, 
and  inefficient  ships  at  ari  ever  iiureasing  rate.  Tfie  t.omposition  of 
the  fleet  of  sel f-unlonders  serving  the  Grejt  Lakes  i?  expected  *c. 
change  during  the  proposed  improvements'  5C-year  amort  i .-a  f ion  period. 

On  the  Grand  River,  the  present  channel  din-r  i.-  d i r-O:  *1',  limif 
the  size  (width,  length,  and  draft)  of  the  barges  usLid  in  p )V  p.<‘nt 
of  sand  and  qravel.  Presenf  tows  con-. 1st  of  two  i:arqe‘  ; hr:wevr,  -t-hn 
principal  shippinq  company  operating  on  ftie  Grand  River  i considering 
the  use  of  three  barges  and  a tug,  hrinaino  the  ovt.-rall  lenqth  per  tow 
to  585  feet.  These  longer  tows  will  be  able  to  operate  only  during 
periods  of  high  water  ina;-murh  as  at  other  times  tf--'  lan.ier  tow  - w'll 
not  be  able  to  make  tb---  - horf  bends  f the  river.  Ttie  lOO-fo.  * wid** 
of  the  present  channel  loe‘,  not  permit  a tow  cf  this  length  f'o  navi  oat*-' 
the  ship  turns  and  still  remain  within  the  channel  linos.  Conmor  i a I 
interests  have  stated  that  if  the  channel  dimensions  were  enl.-rqod  t^oy 
would  definitely  increase  the  size  of  their  burden  and  tows.  Thus, 
the  nature  of  future  commercial  vessel  traffic  on  the  Grand  River  is 
expected  to  remain  essentially  the  same  as  at  the  pres-  nt  time  exo'pt  t^at 
larger  barges  and  tugs  and  more  barges  per  tow  would  undouhti'dis  b' 
used  if  chann*'2l  improvements  were  p.ade.  There  is  litfle  possibili+y 
in  the  foreseeable  future  of  a need  for  deep-dreoft  commercial  tr.aMir 
on  the  Grand  River  upstream  of  Grand  flaven  Harbor. 

d.  Recreational  Boatin*;.  Recreational  boafina's  rise  fo  populafifv 
has  been  rapid.  In  |G58,  the  year  the  State  first  benan  rogist'^rinq 
boats,  there  wore  217,553  craft  in  Michigan.  By  1^65  i'irhiga*,'  boatir*': 
population  was  about  400,000. and  in  1971,  if  was  4''7,000.  These  f Inure 
point  out  the  tropnendous  growth  in  noniilaritv  of  recreational  hoa+lne  w*  | ch 
has  occurpid  in  only  a fe\n  veers'  time.  That  this  nni  i crowth  will  ron+lntj.' 
in  the  future  is  an  opinion  shar*'-)  by  all  agencies,  oraani  zat  ions  and  P('rson« 
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concerned  with  the  future  of  recreational  boating. 

The  optimistic  future  predicted  for  recreational  boating  is  based 
not  only  on  past  growth  statistics  but  on  increasing  future  population 
projections,  rising  national  prosperity  which  provides  the  consumer  with 
more  money  to  spend  on  recreational  pursuits,  and  the  trend  toward 
shorter  workweeks  and  more  holidays  which  allow  more  free  time  to  devote 
to  boating  activities.  Experience  has  shown  that  river  and  harbor 
improvements  or  the  construction  of  new  facilities  results  in  an  increase 
in  the  number  of  locally-based  and  transient  boats.  Another  factor  which 
has  contributed  to  overcrowding  and  congestion  at  existing  river  and 
harbor  improvements  is  the  rapid  increase  in  the  number  of  trailerdrawn 
craft  being  used.  These  craft,  usually  16  to  22  feet  long,  have  no  home 
port  but  are  generally  stored  on  land  at  the  owner's  home  or  at  anv  other 
accessible  location  and  transported  to  and  from  the  harbors  and  waterways 
on  trailers.  They  include  the  popular  deckless  or  sem i -deck  I ess  outboard- 
driven  craft  used  in  calm  weather  for  short  duration  cruises  and  the 
larger,  cru i ser- I i ke,  outboard-dr i ven  craft  equipped  with  a forward  cabin 
and  used  for  longer  duration  cruises. 

i^uture  growth  of  recreational  boating  on  the  Grand  River  would  be 
severely  restricted  under  existing  channel  conditions.  The  Grand  River 
is  shoaled  and  unimproved  upstream  of  the  upoer  limit  of  the  existing 
Federal  project  at  the  Bass  River.  There  are  no  aids  to  navigation  and 
the  numerous  bars,  snags  and  other  hazards  to  navigation  make  the  river 
dangerous  even  for  local  boaters  familiar  with  local  river  conditions. 
However,  if  the  river  were  improved  there  is  little  doubt  that  it  would 
be  used  extensive!  / by  I oca  I I v-based  transient,  and  trailer-drawn  craft. 
The  highly  populated  Grand  Rapids  and  Lansing  areas  provide  the  demand 
and  support  for  recreational  boating  facilities, 
h.  ELECTRI  .;  POWER 

a.  Present  Stage  of  Hydroelectric  Development.  There  were  eight 
hydroelectric  projects  in  the  Power  Region  as  of  31  December  1970, 
recresentinq  j total  installed  capacity  of  8,695  kW.  Ihis  was  less  than 
two  percent  of  the  region's  1970  installed  capacity.  I hese  projei'.ts 
prodU'.'e  an  average  of  27.7  million  kWh  annually  at  an  average  capacity 


tjctor  of  56  percent.  I able  11-8  lists  thesi'  projects  wMh  per  r inert 
tdtd  for  each.  All  of  ttieso  power  planfs  are  jnd  the  rojorit, 

wt!re  constructed  at  least  50  years  ago.  It  is  anti  ioated  that  the  ol 
plantb  will  be  retired  or  possibly  redeveloped  as  conditions  warr.int  . 
principal Iv  on  the  basi-,  ot  physical  cond i t i an  and  high  operating  os*. 
Since  the  effect  of  hvdroo I ectr i c generation  is  small,  future  retiremer. - 
if  any,  will  not  materially  affect  the  region's  projected  pawr  - jpdI'.'. 

t' . Future  ilectrir  i'ower  tieeds. 

(I)  rre_^->cts  for  Growth . Increased  electric  Dowrr  load  nrc,^Th 
can  naturally  be  expected  t,>  accompany  population  growth  and  economi' 
expansion,  but  the  el-ctric  utility  industry  has  h i stor  i r.a  I I y •-'vceed'd 
these  nrowth  rate  . A progrer-.  ivel  y higher  standard  . f livin.i  w.ul  I 
from  a reduction  in  the  , o^+  of  electric  ^ nergs  . 

In  addition  ‘e  i+  . efforts  to  lower  costs,  electric  util  if. 

industry  should  intensify  its  efforts  to  makt'  its  facilities  acceptable 
to  the  piihlie.  This  in.elves  air  pollution,  public  cr.nccrn  ihout  nuclear 
giants  in  cong^-steii  area  , and  beaut  i f i c.a  t 'on  fea+ure-  that  mav  ri’iuire 
underground  d i str i but  ion  and  possiblv  even  underground  transmission. 
Furthermore,  the  industrv  is  faced  with  increasirn  costs  of  ri  rht-.a^-wav 
in  fast  growing  urban  .areas.  Larger  capital  costs  can  ,ilso  be  expected 
for  the  provision  of  coolinq  towers  and  cooling  ponds  where  an  tjdeauate 
water  supply  Is  not  available. 

Rased  on  past  trends,  current  operation,  and  announctd  futur'- 
plans,  the  existing  and  projected  electric  power  reau i renents  for  the 
Power  Rciion  are  given  in  Table  11-9.  The  projeotion  of  future  pow'r 
requirements  to  I ‘^‘^0  are  based  on  estimates  prepared  bv  Ronional  Advi- 
sory Ciomm i tteos  composed  of  representatives  of  fhe  electric  powr-r  indu  ,- 
trv  in  cooperation  with  the  Federal  F’ower  Commission  ( f PC) . Tfio'.e 
estimates  are  part  of  the  FPC’s  current  program  to  iipd  ;te  th.'  1‘^f  A 
National  i’ower  Purvey  Report  and  to  extend  the  period  of  s+udv  fc 
1990.  The  region's  electric  requ  i rom‘'’nts  are  estimated  to  i ncrrxjse 
throughout  the  p-;riod  of  ■■tudv.  but  :it  a decreasing  annual  ri*.  . Pv 
?0:’0  the  nrowth  rate  i , estim.ited  to  he  about  three  percent  per  ■ u . 
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Graml  River  Has  in  Power  He,;  ion 
F X i s t i lU',  and  Projectod  Electric  Povor  Requirements 


S ubarea 

Annua  1 
Energy 
( lOnO  kwh) 

.\pn'ia  1 
p,  c, 

1 

5 nnua  1 
l.oad  Factor 
(percent) 

Grand  Pap  ids 

19h0 

1 ,90R.0OU 

. . 10 

63.0 

West  Centra  1 B'  It 

;■  , ,,000 

•5,  . 0 

52.:’ 

Northeast  Fri  .,e 

.?  ■)  7 , r,00 

..a,0  )0 

52.7 

I.ans  In,; 

1 , 2' : , 100 

2 ■ , f d 

58  .6 

Jackson 

5 '*i  ,0o0 

IT,  'jC  ,1 

b2.0 

Total  Ro^lo: 

9, 1 10,000 

7'j5.oro 

60.2 

Grand  Rapids 

1965 

2,688,000 

5,000 

63.5 

West  Cent ra 1 Bit 

36.',  ,000 

80,^00 

53.9 

Northeast  Fringe 

292,000 

60. coo 

53.5 

I.ansing 

1,807,000 

525,000 

63.0 

Jackson 

779,000 

1 .v5,C,'20 

63.5 

Tota  1 Reg  L 

5,930,000 

i,0“0.ooo 

62.1 

Grand  Rapids 

1980 

7,515,000 

1,313  COO 

65.1 

West  Central  Bel; 

1,00  5, 'ifO 

:r  ■ . 030 

55.5 

Northeast  Fri.' re 

815.000 

165. 0 n 

56.0 

Lansine 

4,865,000 

P 50 ,0^0 

65.0 

Ja  ck  sr  n 

2, 150,000 

:■  .•.'oo 

64 . 1 

Total  Reg  i v 

16,350,000 

2,>' r .01.0 

63  .9 

Grand  Rapids 

2000 

18,760,000 

2 . 230.000 

66.1 

West  Centr.t  1 iu  1 1 

? , 5 1.0 . non 

AOf  ..epo 

58.2 

Northeast  i i la.  e 

2,030,000 

3 f'.f  ■ on 

61.0 

1 a ns  i n ; 

I M '.o  ,000 

,()'io 00 

66 . 1 

J a 0 k s o n 

5,360,00,0 

0 50  .100 

64 . 3 

Tot-i  1 Ro'.’,  i.i 

40,800.0  )0 

7 , 1.0 ,000 

6 5.0 

Grand  Rapids 

...)20 

i 5 , e 3, , , ,'1‘ ' 

I.  ,02  ‘i , uin 

6 7.0 

West  Central  Bolt 

, 7(10,00,1 

’ !(■  , 300 

f'l ' . 2 

Northeast  Fri nr, 

3,860,000 

7 1.3,000 

61.7 

l.ansi  n.’ 

23  0(0, ('Of) 

' . - ,M  . 300 

67.0 

Jack  son 

1 I. ' , 1 ,( lO 

6'..  1 

Total  1 ion 

7 7 , 7r,“oo 

1 1 , O'  , , lOli 

(16  .0 

1/  1 oaii  Fartai  - Kit.o  ol  load  ovrr  dos i.);na tod  period 

to  till'  folk  load  oooiirr  i ni;  in  r In  l period. 


(2)  Future  Power  Generatinr;  Equipnent  Sy  Types.  ' ■■■■  '■  tior' 
for  this  study  extend  beyond  four  decades  into  the  future.  fe'-tors 

that  will  influence  future  decisions,  particularly  with  renard  t‘“  ':..*lear 
qeneration,  are  yet  to  be  resolved. 

The  type  of  generating  equipmeni  in  the  T'ower  Peaio'"'  ■ a-  have 
an  effect  on  the  economics  of  the  reoion,  not  only  from  the  staTJc'  i''^ 
of  huge  investments  involved,  but  also  from  the  standnoinm  of  e fuel 
source.  In  view  of  the  recent  rapid  advances  in  the  amount  f nu  I’-ar 
fueled  capacity  on  order,  it  is  necessary  to  consider  t‘ is  car-  ful Iv 
as  a major  component  of  future  generating  capacity. 

Present  thinking  places  the  nuclear  market  in  area-  w‘cr  com- 
peting fuel  costs  run  about  20  cents  per  million  B.t.u.  or  hiot.r. 

This  would  include  the  Grand  River  basin  power  region.  Thi-_.  m,iri->‘t 
must  be  further  qualified,  however,  to  unit-si.-^e  requirements  exreedino 
400  to  500  megawatts  for  investor-owned  utilities  and  100  menawatts  for 
municipals.  A study  by  Kaiser  Engineers  for  the  Atomic  Energy  ^'mris.ir,n 
indicates  that  nuclear  power  reactors  in  sizes  as  low  an  50  tn.  100  meaa- 
watts  could  be  competitive  with  municipal  f i r ant  i no  if  ordered  ir  arouos 
of  five. 

Beyond  1080,  and  perhaps  somewhat  earlier,  the  more  advar-r--j 
types  of  reactors  should  be  making  their  appearan  os,  i ncreas i r.-a  the 
potential  market  considerably.  Hiiiher  ;'iri*-al  cost-,  ur^  i nd  i “ ;t. -.1 , tv* 
fuel  costs  h-ave  been  projected  to  a-:  I w crntv  per  '■  i I I i on 

B . * . u . 

(T)  Location  of  Therp-^l  .•,)*•'  v.  a i I a!  I I i f v i-  a 

bas  i : r i ‘-'r  i '0'  in  Jef -r'*  i ••  i n q t>- . I o at  T r-  ' • • . t „ , I - r p | -f  _ 

f'it-‘l  -'.1''  ;•  *T  jnst  orted  to  a plan*  o.t  '-I'  *ti  - ■‘r--  '’■tted 

* ro<^  pl-ir,*  'o  load  Tr  ’ . arr  ;vr„.n-*-  t.  t|.-iit  I'  .'r  ' ='  momic 

t'  a I :nr  e ra'  t-c  i ^ •'d  ‘ ' i = , r‘  I t ‘ i - : I ‘ r ■ : * • I 'f  d 

f I er  * r [ ->1  ■*  r t ■ c ; ' r * . ! • I . W ; * • r I ' ' ; ^ ‘ • f , . ]'iri  * 

, '^'vPd  C",  ‘ ti  ♦)'  ■ ^ ■ II..  A-'-'  '•  r ■ . ^ *h' 

iias  ' f will  ; 1 Imgnr  • " • ‘ i * ' i ■ *'  • . ,>r  a * i ■ ■ - f »■  I • • ■ powor  . 

' V ■ ' *•  .‘r- .-r  • - I "‘r  i ert-rtiv  ’ , I ir 

nr  a I e Pa  . - - i n-  f f i c ' •”  * j ♦ ' ‘ • r ' • r..  t t i > i r pit.  - f all  th(' 
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I.r;)grecs  thjt  t-‘3S  bec-n  irodo.  An  amount  of  energy,  m the  form  of 
jt,  greater  than  that  which  is  converted  to  i-lectri'  energy  is  lost 
in  tne  proce-s.  The  common  practice  has  been  *r  absorb  the  greater 
part  of  ti'is  loss  in  large  bodies  of  water.  Pecaasf  of  the  limited 
♦reamt  I',,,  within  the  Grand  River  basin,  i+  will  hoc- .-me  increasingly 
•^ecessarv  tc  use  ' ..plemental  types  of  cooling  for  trose  capacitv 
additions  nd  utilizing  Lake  Michigan  as  a cool  in.  ; ..rster  sourer. 

jpplemor.t.il  types  of  cooling  such  as  cooling  rs  and  ronds  will  be 
possible  only  at  a-  increase  in  capital  and  op-  ratl-M  costs. 

Rns>-'d  on  the  oans i derati ono  discussed  an!  the  conrii'‘ion_ 
exi  .tln-.-;  in  the  power  reoion,  estimates  of  the  f ^♦■llre  power  sippl.'  in 
tho  •■ecio'"  w'ere  derlv>'-d  as  shown  in  Tables  I I -10,  I 1-1  I an.  II  I-. 
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Tabl..  -1) 

Grand  Kivcr  l^sin  Powor  Rr^ion 
b'  and  Projpcted  Capac  i t » e n^u  i rnTirnts  and  Supply 

( k i Iowa  L Ls) 

Nc’t  Tlnr-aal- 


A n n na  1 

T.ata  1 

I'll 

Region 

Electric 

S uba  ii'  1 

P a.< 

Reserve  s 

R e r 11 L . 1 

8 npp  1 V 

Import 

Supply 

1 9lu  1 

Grand.  R.anii'. s 

1.'*'.  ,000 

2n0 

i>  , loO 

’■3  1 ,89b 

86  , 20-4 

Wost  Central  Belt 

55,000 

’■,1” 

• i.r- 

5,"^0 

45,117 

10,690 

\'orthoist  Fringe 

9'^  ,000 

2,125 

• / , 1 . 

3n0 

.3,250 

3,515 

I ans  i 

,000 

67  ,-no 

30  ^ i 1 

I , 200 

77,210 

229 , 500 

J tc!<?on 

1 >0,000 

- 

' ■'  ' ,000 

- 

100,000 

- 

TiUal  Ke  ; ion 

?'•  5,000 

115,  *92 

' .)!  , 

13 ,090 

557,493 

i29 ,909 

_ 

I9h5 

Grand.  Rap  ids 

■-i-5,000 

71,  IP.. 

■'ll  .It  '• 

n,160 

5,20il' 

159,770 

3'>r  , 234 

west  Central  Belt 

80,000 

4 , 4O  8 

8-. , aOb 

b5,513 

13 ,690 

Northeast  Fringe 

60,000 

1,675 

61.67  1 

360 

57,800 

3,  15 

1 a ns ing 

325,000 

95,650 

.20,1  50 

1,200 

1 04 , 9 50 

314, 500 

J ackson 

140,000 

- 

140,000 

- 

140,000 

- 

Total  Region 

1,OQO,000 

172,897 

1 .26  2,.«0  7 

1 ’ 2'^ 

528,033 

721,939 

1980 


Grand  Rapids 

1,315,000 

96,800 

1,-11,800 

12,000 

611,h00 

78S»200 

\'est  Central  Belt 

205,000 

2 , 000 

207,000 

16,600 

190 , *00 

. 

Northeast  Fringe 

165,000 

- 

165,000 

400 

I6u,600 

- 

l.ansing 

850,000 

57 ,000 

907 ,00i' 

] , 200 

443 ,000 

-46  2,800 

Jackson 

380,000 

- 

380,000 

- 

380,000 

- 

T.ata  1 Re gi  n 

2,915,000 

155,800 

3,070,800 

30,200 

1,789,600 

1,251,000 

2000 


Gr.inJ  Rapids 

3,230,000 

306,800 

3 , 536,800 

12,000 

870,000 

2,t'-S'4,800 

'.vest  Central  Belt 

.*90,000 

1,900 

491 ,900 

16 ,600 

475,300 

- 

Northeast  Fringe 

380,000 

- 

380,000 

400 

379,600 

- 

I 1 ns  i n.; 

■’.090,000 

13  5,, son 

225, hOu 

1 , :’oo 

1 ,045,600 

1. 17^,000 

T a ,,snn 

<50 ,000 

- 

950,000 

- 

950,000 

- 

Total  Re.’.ion 

7,  1*0, 000 

-*44, 500 

7 , 584 , 500 

30 , 200 

3,720,500 

3,833,800 

1 / l!'.c  ludes  1 ,tM'0 

k i 1 owa  1 1 s 

retired 

12/27/65 

I 
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lab  It'  11-10  (Coni' J) 


Grand  River  Basin  Power  Region 
Exisiint;  and  Pro  iocted  Capacity  Regolroricnt  s and  Supply 

( k L Iowa  C t s) 


S uba  rea 

■\nnna  1 
Peak 

Reserves 

Tota  1 
Required 

llvaro 
S upp  ly 

Ne  t 

Reg  ion 
Import 

Therma 1- 
Electric 
S upp ly 

2020 

Grand  Rapids 

6,055 ,000 

611,000 

6 ,fc66 ,000 

12,000 

965,000 

5,689,000 

rt'est  Central  Belt 

900,000 

1,600 

901,600 

16,600 

885,200 

- 

N'orcheast  Fringe 

710,000 

- 

710,000 

900 

709,600 

- 

Lansing 

3,920,000 

270,000 

9,190,000 

1,200 

1,668,000 

2,520,800 

Jackson 

1,780,000 

- 

1,780,00. 

- 

1,780,000 

. 

Total  Region 

13  ,3*-. 5, 000 

682,800 

14,297,600 

90 , >00 

6,007,800 

8,209,800 

I I-. 


Table  II-ll 


Grand  River  Basin  Power 

Region 

Existl 

t\g  and  Projec 

ted  Energy  Requirements  and  Su 

ipply 

(1000  kwh) 

Tota  1 

Net 

The  rma  1 - 

Ene  rgy 

Hydro 

Production  _ ' 

Region 

Electric 

S uba  rea 

Required 

Import 

Produc  t ion 

1960 

Grand  Rapids 

1,908,000 

24,560 

1,684,547 

198,893 

West  Central  Belt 

255,000 

21,960 

201,26'. 

31 , 776 

Northeast  Fringe 

207,000 

1,035 

199,492 

6,473 

I ansing 

1,235,000 

3,3  56 

396,411 

835,233 

Jackson 

545,000 

- 

545,000 

- 

Total  Region 

4,150,000 

50,911 

3 ,026,714 

1 ,072,375 

1965 

Grand  Rapids 

2,688,000 

18,613 

466,748 

2,202,639 

West  Central  Belt 

364,000 

16,245 

301,066 

-.6,689 

Northeast  Fringe 

292,000 

699 

2o3 ,401 

7 , 900 

Lansing 

1,807,000 

1 ,005 

589,898 

1 ,216,097 

Jackson 

779,000 

- 

779,000 

- 

Total  Region 

5,930,000 

36, 562 

2,420, 113 

1980 

Grand  Rapids 

7,515,000 

47,400 

3 ,496 ,000 

1,971,600 

West  Central  Belt 

1,005,000 

63,700 

941,300 

- 

Northeast  Fringe 

815,000 

700 

8L.,300 

- 

Lansing 

4,865,000 

3,700 

2,529,000 

2,132,100 

Jackson 

2,150,000 

- 

2,150,000 

- 

Total  Region 

16,350,000 

115,500 

9,930,600 

6,101,900 

2000 

Grand  Rapids 

18,760,000 

47,400 

5,060,000 

13,652,600 

West  Central  Belt 

2,510,000 

63,700 

2,446,300 

- 

Northeast  Fringe 

2,030,000 

700 

2,029,300 

- 

Lansing 

12,140,000 

3,700 

6 ,068,000 

6,068.100 

Jackson 

5,360,000 

- 

5,360.000 

- 

Total  Region 

40,800,000 

115, 500 

20,963,600 

19,720,900 

2020 

Grand  Rapids 

35,630,000 

47,400 

5,680,000 

29,902,600 

West  Central  Belt 

4,760,000 

63,700 

4,696,300 

- 

Northeast  Fringe 

3,860,000 

700 

3,859,300 

- 

Lansing 

23,060,000 

3,700 

9,796,000 

13,260,300 

Jackson 

10,190,000 

- 

10,190,000 

- 

Total  Region 

77,500,000 

115,500 

34,221,600 

43 , 162,900 

1/  Based  on  avcrap,e  annual  energy  for  years  1980,  2000,  and  2020. 
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Intern'll  Comluistion  Niiclftr  Fossil 


1/  Requires  no  condenser  cooling  water. 

2/  Capacity  Factor  - Ratio  of  average  output  to  naxinur'  capacitv. 


Table  11-12 
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2/  Capacity  Factor  - Ratio  of  average  output  to  naxir^un  capacity. 
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c.  Cooling  Water  Needs. 

(I)  Factors  Determining  Coolinii  Water  NeeJs.  At  the  present 
• iof  essentially  all  of  the  electric  power  produced  by  thermal  elec+ric 
generation  requires  cooling  water.  Thermal  electric  plants  requiring 
cooling  water  now  comprise  about  92  percent  of  all  the  electric  nener- 
ating  capacity  in  the  power  region  and  account  for  about  96  percent  of 
all  the  energy  produced  i ri  the  region. 

Predictions  of  the  patterns  of  generation  beyond  1980  are  com- 
plicated by  several  factors,  not  the  least  of  which  is  the  accuracy  of 
predicted  energy  requirements  beyond  that  date.  The  electric  power 
in  lustre'  is  ore  of  the  most  dynamic  industries  in  the  United  States, 
ii.avi.ng  ‘Experienced  an  annual  growth  rate  of  between  t and  7 percent 
f..r  a number  of  years  as  compared  to  a somewhat  lesser  rate  for  the 
'.ross  'ijtional  Product.  The  technology  of  electric  generation  and 
,uPf-l'.  is  changing  rapidly  with  the  advent  of  larger  and  lartier  units 
'•■lie  possible  by  rapid  load  growth,  the  increasing  reliance  on  extra 
■' i voltage  transmission,  the  construction  of  mine-mouth  generation, 
f i I i .'■at  ion  ,'f  unit-type  coal  trains,  and  the  large  increase  in  the 
• ;^■u^■r  of  sc'"‘?duled  nuclear  fueled  plants.  Also,  new  methods  of  aeneratinn 
; wr  Wien  eliminate  the  conventional  heat  cycle  and  thus  eliminate  the  need 
f r cooling  water  are  under  active  consideration.  Among  the  most  promising 
't  these  are  magnetohydrodynamics  (m.h.d.),  e I ectronasdynamics  (e.q.d.), 
thermionic  generation,  and  the  fuel  cell.  Firm  planning  for  future  generating 
capacity  i,  not  completed  unfil  four  to  six  year  before  the  need  becomes  appar- 
ent. Accordingly,  it  is  to  be  realized  that  estimates  of  consumptive  use  of 
cooling  water  in  the  years  2000  and  2020  can  only  be  a rough  guide  to 
po  reviewed  periodically  as  new  situations  develop.  A projection  of 
future  water  requirements  for  thermal  electric  plants  has  been  made 
on  this  basis.  However,  as  is  evident  from  siibsequent  discussion  in 
this  report,  there  are  alternatives  to  the  demands  for  cooling  w iter 
of  good  guality.  For  example,  in  the  event  that  fresh  water  is  i” 

■-.tort  supply  due  to  scarcity  or  imposition  of  higher  priority  use, 
tir.V-'hish  water  or  lewage  effluent  can  be  utilized  under  certain  con- 
ditions as  a cooling  source  tor  thermal  electric  generation.  On  the 
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other  hand,  with  considerable  added  expenditure,  the  corisumptive  i.  ■ 
(primarily  evaporation)  can  be  almost  entirely  eliminated  by  Mu-  u- 
of  radiator-type  closed  circuit  cooling  Towers.  Also,  with  the  -idv'-:  f 
of  ex'^ra-high-vol  tage  (e.ii.''.),  power  can  be  transmitted  over  Ic- 
distances  from  areas  of  adequate  water  supply  to  water  deficient 
regions . 

The  principal  demand  imposed  upon  water  supply  by  thermal 
electric  generating  plants  is  for  condenser  cooling  water.  Eloiler 
makeup  water  is  required  for  all  steam  electric  plants  and  some 
installations  also  use  water  for  sluicing  ashes.  These  latter  two  uses 
have  relatively  minor  effects  on  water  supply  and  their  future  macni+ude 
have  therefore  not  been  projected. 

(2)  Calcuiation  of  Cooling  Water  Needs.  Condenser  cooling 
water  is  considered  in  two  aspects  — first,  the  amount  of  water  that 
is  required  to  pass  through  a condenser  in  order  to  produce  an  accept- 
able vacuum;  and  second,  the  amount  of  cooling  water  that  is  evaporated 
as  a result  of  the  increase  in  its  temperature.  Either  or  both  of  these 
couIg  be  critical  in  designing  and  selecting  the  site  for  a power  plant. 

For  purposes  of  analysis,  the  method  used  herein  for  determ  i r,  i nc 
the  condenser  cooling  water  requirement  of  a fossil  fuel  electric  gener- 
ating station  is  illustrated  by  the  following  sample  calculation: 


SAMPLE  CALCULATIOrj 


u I uu  W ATl  a ITllu  j 


IL 


Operating  Conditions 


e.f.u.-  pf-r- 

I . w . h . n.  *'.u.  ct  n * 


Aijsamed  over-all  pi  mt  efficiency 

Assumed  generator  e-'fi;  i ency 

He.jt  eauivalent  .-f  one  ki  lowatt-hour 

Fuel  energy  required  (net  plant  heat  rate)  9/  GO 

Peat  loss  from  bo i ler-furnace  — 950 
Energy  delivered  to  turbine  8,550 

Heat  loss  from  genera"*'or  — 94 

Generator  output  (net  ler  . plus  It  plant  use)  3,^50 

Energy  removed  in  condenser  (energy  delivered  A, 306 
tc  turbine  minus  generator  output) 

Energy  to  be  removed  ty  />/ater  source  'll  4,900 


3,413 


3' 


0-0  ling  Water  Regu  i r ed  : 


Acre-feet/k. A ,h  . - 


‘ n-V!'/  removed  by  water  ' urce  

Hent  Absorption  Rate  of  Water  X op.  temp . 
cfanae  in  cooling  water 


4,'~'C'0  B.'*'.u./I<.w.h. 

2,. '18, 144  B.  t . u . /ac-f  I / F . tf^mp  . change  X temp, 
change  in  cooling  water 

0.001303  V 

^F.  temp,  change  in  cooling  water 


- Cooling  water  requ i red  is  the  amount  of  water  needed  to  remove  heat 
imposed  and  is  independent  of  the  type  of  comlirg  — f low-+hrough , 
pond,  or  tower. 

2/ 

- Average  United  States  heat  rate  in  1966  was  10,547  P. t .u ./k . w .h . 

— Negligible  for  nuclear  plants. 

4/ 

— Generator  cooling  usually  part  of  cooling  water  load. 

5/ 

— fguals  condenner  load  plus  generator  heat  loss. 

- I B.t.u./lb.  water/'^F.  hemp,  change  in  water;  2,718,144  lbs.  water  = 
I ac-ft. 

^ The  quantity  of  cooling  water  required  varies,  inversely  with  per- 
mitted temperature  rise  of  cooling  water. 


Ihis  '-.hows  tha+,  under  the  eununF'd  londitions  shewn  ete.  • , :,;n'  : < y 

of  he  it  is  tr-insferred  to  the  cooling  w.itor  for-  eurf  1- I I owat ..  ’-i‘er. 
txperience  has  der*ionstrated  that  the  , — nonical  pi  int  .lesi  . . ' /id*' 

for  cool  ini  w’ter  te'"Den+ure  rises  of  10  *e  ?0  de  jrees.  'fare';'  '■  n ir,  -'vera'ie 
rise  of  18  degrees  Fahrenheit,  if  foiiow'  frot-  the  sa^ole  caicuinfirn  flat 
100.2  3cre-‘eet  of  cooling  wa+er  is  rei..ir  - oi''',  thr-iigt  *p. 


for  each  rill  ion  ••  i I owatt-hours  generate-;. 

iiuclear  plant;  have  a higher  heat  load  to  dissipat-'  t*- -n  fo'-gil  fuel 
plenty  (usirg  current  design  standards)  u ’ f‘.i;s  roouire  a:  t I'" 

of  condenser  coling  water  per  million  '■  i I . wa  f t -heurs  assu'''-g  :n  I-'  '■  . 
temperature  rise.  Based  on  an  anticipit--d  i mp --oven-ent  in  rg-leir  pl."f  oper- 
ating efficienev  it  is  estimated  that  the  cooling  water  roquired  wt'l  ;err-M',' 
to  about  70  acre-feet  per  million  ki lowat f-nours  hy  2070. 

(?)  Cooling  Water  Consurpti  ye  Lise.  The  pririry  con- ijn;.  • i ■ j>-.e  pf 

cooling  water  is  tfie  amount  +hat  evanomteg  due  to  tt'o  i nc'-ea';e  i - i ;■ 
temperature  as  if  pisses  through  ■'"he  ron.ier  is-  ui  i f . The  a^-ount  of  cv  ip'-- 
ration  wi  II  depend  on  'he  type  of  coolirg  ■-.nploved:  cooling  pen  f --r  re-.ervcii  , 

wet  or  dry  type  coo  I i nq  tower,  or  f low-thr  ■'u  :h  . 

If  the  fooling  waff>r  is  taken  from  Tpd  iischaraet  |-  ark  Irf  1 r one  . - 
reservoir,  the  heat  in  fho  tirculafed  wit'  ' is  d,i'.s|pife:  t.o  the  i-s-  nhre, 
through  convertion  or  induced  evapor-it  i on . The  w its  r ihaf  is  rv  m -r  : f i 
lost  to  the  lir,  and  so  becomes  a cops,umpfive  use  at  frihut ah  le  t ^ 

operation.  Ivaporation  provides  about  fd.s  porm-t  of  the  reel  in  1.  'r  a 
stationary  water  bod-.',  under  average  meteorol  ogi 1 1 .endi'i.’-  . ’‘;y.,_  |f 

power  plant  contributes  4 ,'^00  Rtu  per  k i I ow  it  i -hour , about  1 .■no  ' • .■  to  _ 

?,  IhO  Bfu  per  kilowatt-hour  is  dissip.afod  'hrough  evaprr, iti.  r.  ■ , 
evaporation  of  one  pound  of  water  consumes,  .about  I.QS'  '■  ' : ti  ■ 

use  at  the  pond  cooled  power  plant  is  '.If  ' I r.r  ■'.T  p,,..,,  . ..  ■,vitc'  '•  t 

kilowatt-hour.  This  amounts  to  I.IO  arri'-ts-ef  per  milli'n  k i I ,--v.  : * * -t  r.r 
generated.  This  figure  will  vary  sor"ewhaf  .is  ap,.r-,fing  c f 'l*'.  '■  u ■'  r 

efficienev  'ind  temper  iture  r i s('  ol  t f,e  ; or  I I n : w : ‘ 1 r t i ‘ 1 ■ - . -> 

On  the  other  hind,,  i'  the  rooling  is  divrt-d  fror-  a flov.in.; 

stream  and  disrharnri  hack  intn  the  sfrear  a-fer  pa-  ing  a 


unit,  the  evaroration  loss  is  probablv  sorewhai  loss  than  tor  a foolinr; 
pond.  The  water  passing  through  the  condenser  in  a t|ow-through  systo'^' 
is  not  evaporated  in  the  condenser,  but  as  a nec;ijit  nf  fpo  heat  load 
transferred  to  the  water  as  it  passes  through  the  condenser,  evaporatlor 
tikes  place  when  it  is  returned  to  its  source.  For  purposes  of  this  study, 

■t  is  estimated  that  under  average  conditions  b'i  percent  of  the  coolinq  in 
a flow-fhrouah  system  is  from  evaporation,  based  on  a heat  discharne  of 
J,d00  Bfu  per  kilowatt-hour  and  54  percent  evarrra'^  i on , about  2,645  Btu  per 
ki  loiMatt-hour  would  be  dissipated  bv  the  evaporation  of  2.5  pounds  of  wat'  r. 
This  amounts  to  app  rox  invite  I y 0.92  acre-feet  per  ni'  lion  ki  lowat-^-hours 
nenerated.  As  w i Th  roo I i m ponds,  this  tiqurn  is  innlicable  only  under  the 
specified  conditions  of  the  sarnie  calculations. 

In  systems  u^in;  wet  type  coo  11  no  towers,  evaporation  accounts  ■'or 
ibout  85  percent  of  the  cooling,  and  there  are  some  additional  water  losses 
bf'cause  of  spray  dri-ff  and  blowdown  loss.  The  trf  -jl  consumntive  coolim 
tower  loss  averages  il.ou-*  1.47  acre-feet  per  million  kl  lowat  f-hours  nenerated 
As  mentioned  above,  the  loss  wi II  vary  under  oneratinn  conditions  differinn 
from  those  assumed  in  the  sample  calculation. 

Nuclear  plants  currently  have  a higher  consumptive  water  use  than 
do  fossil  fuel  plant'-.  At  the  present  tine  they  reguire  about  50  percent 
more  than  fossil  fue>  plants,  based  on  future  improvement  in  nuclear  n I mt 
operating  efficinnev  it  is  anticipated  that  the  amount  of  waste  heat 
dissipated  by  these  plants  will  be  substantially  reduced;  this  will  result 
in  a proportionate  decrease  in  consumptive  water  umn. 

A I I of  the  figures  shown  above  represent  hypothetical  condifior 
believed  to  be  about  averane  for  the  circumstances  that  could  he  encountered. 
Obviously,  there  are  many  variables  of  plant  design,  location,  neteorol on i ra I 
conditions,  etc.,  that  might  cause  the  finures  for  coolinn  water  required  and 
loss  for  a specific  nl  mt  to  vary  from  those  sumested  here. 

(4)  'ieneril  Conclusion.  Under  the  assumptions  outlined,  the 
- ^ » 

•rand  Fiver  Basin  Power  Fegion  water  requirements  and  ronsumpdive  use  are 
as  to  I I ows : 

" '‘or  detail',  of  renui  rerronts  determination  see  Appcmd'x  1 - ’^^'wer. 
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> CL'tr 

I960 |0(  6 I9B-  r \ 

fooliro  V.'ator  ''p"u  i rpr  ents 

(ocrc-fect  ror  ,'fir)  131,800  33'^,'^'^'^  504,700  l,73'\00^, 

Cnnsurptive  jse  (acre- 

feel  per  vea'-)  1,800  3,”;^''  ■',50,0  18,0/’.'^ 


1 irCicaTcc  by  the  above,  the  rcr’e  jr 1 1 ve  u5<  is  "rlv  ■ M : 

(about  one  rorcenf)  '*  the  total  water  r.  7Lir'’(i  'or  coolir'Z', 

,r  I rar.u  •'  the  foregoing  indicates  -^‘c  irsurt  of  coo  I i r ■ , Tr  i.-...irrc 

t*' e I'.isos  sustained  thr'Ounh  veneration  ■.•.  i ‘•h  i • re  I'ower  rr-ior,  ..  <'■■1  :^ali‘, '■ 

factors  sncul_  be  Ker ? in  rinc: 

(••)  T'  (,■  arount  of  coo  I i no  wat' ■ r--,puire::  .r  d I c"  „s  * ■ i -c  ■ • • 

the  various  rorinds  k.  • study  ure  represr-  :s;i^,:  n t-e  cn  1 1 no  ‘--wr  r ’ r-  i . Ii 

snoula  be  borne  in  r.i  nd  that  a sizable  rortl-r  of  the  therr.al  care;,  i’v  I - 

catec  Outside  t‘^c  i asin  drainage  area,  usinr:  L.jke  ■‘ichir-en  ,ss  its  -..'.ter  s^  jrre  . 
Thereforn  these  clarts  would  result  in  no  diversim  or  do, ■■  lotion  o;  - • ■ r " 

the  .'ran  I t'iver 

('  ) 'he  arount  of  coo  I i n ■ watrr  reguiteo  to  pass  f-ir,  le  ~l,;r.z's 

condenser  is  n- t ntcessarily  oguivalen*  to  “ "iveted  continuru  I -r.--  .n  -■^rpa- 

source.  This  i;  true  only  in  the  case  ( t ‘ I ow-'*‘' rnu'sh  cool  inn;  i'  • i • utilizi''" 

cooli":  ponds  or  tc '.-.er it  is  necessary  to  civort  only  enouoh  va-,r  '■ 

the  consurrti'. ■ i ,cz. 

(c)  The  .vatcr  diverted  for  cod  ir^-  at  oencratir  : l,;r‘  . is  '■■  furti:d 
to  the  strea’"  (excert  for  consurrptivc  loss)  and  ray  be  reused  do-,  nr  ♦ r-  - r ri  mts 
or  tor  -.uch  othor  r’jrroses  as  runicipal  use,  irri'ratior,  or  i ndj- ‘ r i a | u^r.  It  t*-e 
dis‘anr.0  between  point  of  plant  discharge  and  point  of  reust  i^  •'•■t  . ■ru'd.  tr 

allow  the  heat  discharged  to  rix  with  the  streaoflow  and  for  fh.,  stre;’''  •,  n turr.  to 
in  accortti;  le  ter''  rature,  it  may  be  neccs'.-arv  to  use  sorr  ty;  c - ‘ t.e.o  : I ( "er  • .| 
cool  ins  to  .schievc  this.  Since  the  water  supply  n-av  t.'e  reused,  f^-^  a ie-’u  «cv  ot  •“■e 
Subbly  to  Support  an  ancunt  ot  neneraticn  should  be  deterrined  in  n I itior  to  a 
spec i f i c pi  ant  site. 

(C)  I trrnat  i ve  means  of  condenson  c.adip.:  are  avtilafic  -.'iore  water 
surr'Iy  is  scarce  or  where  the  aguatic  environment  would  be  dr.  r.idid.  ar-ount  nt 

water  roguirod,  tomperaturo  of  the  discharge,  and  losses  ,ust-.in,  c'  c.'>n  he  varied 

I l-ts 
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t"ii  discretion  rf  dc  . i ■ t,c  r ■,  Cy  i r . the  dor.i  • mr.Trioters 


. ^V.Ti  of 

•(■•j  rest  iripcrtJnt  cr  thi  S’  . .Toretor^  ;ro  tyre  o‘  li'  ‘in;;  l‘ 

• '^nere^cre  rise.  The  t .t  r‘  ccnl  i nr  trcloyed  h r<  m i’  . t r t e'tcct  nr 

iter  corsurptiriP , tfinn  tie  redtrst  frr  '-/et  tyre  ;n':ir  trwer  , irr:  f-'c 
i-  vest  tor  dry  ty;  e ccci  inf  ttwers.  <'•  j the  df^arc  • ' ■ ■- 1 r .'•perr;->r‘vrn  avai  laiilc- 
i.’fly  r\)re  cl'sr-ly,  *n  . • a i f t eror.t  i a | inccrrcc  ri  ‘ ' c- mt  3 1 tvfcs 

i 'in  - rav  'e  oorc  tr-.  'n  n'fset  by  t‘'c  relet'vou  r'-  ‘i  'dtr-r  s..:rl/ 

• ■ r ■ T ' . 
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6.  FLOOD  DAWAOr.  PREVENTION 

a.  F loor)  i 5 tory . Most  of  the  floods  in  the  Grand  River  basin  occur 
in  the  late  v.inter  and  spring  months  of  ruary  througfi  Mav,  and  result 
from  riin  falling  on  frozen  snow-covered  or  saturated  around.  Thn  floods 
are  frequently  accompanied  by  warming  temooratures  which  melt  channel  ice. 

The  ice  breal'-i  into  large  sheets  and  ri  les  un  in  jam^  at  fridge''.,  thus 
further  res'^rictina  the  channel,  raisiT'  M -cd  staoes  upstrc.-^m,  snd  endangcrinc 
the  bri dgo: . 

Ma>imur'  unit  discharges  for  the  Gr.an  ! Fiver  ranee  from  11  fo  20  . ubic 
■feet  per  second  p-ar  ■^square  mile  of  drain  igo  area.  These  rates  a-e  t'cher 
than  peak  rates  fer  adjacent  drainaie  arras  of  ccm.parahle  ' i .'^e  i " i'utherr: 
i'ichigan.  ‘^Inod'  ire  also  experienced  diir'-q  June  and  Julv,  rcsultin:  from 
verv  intense  r.'iinfalls.  The  limited  .aerial  coverace  of  the  inten'e  rainfalls 
and  t*'e  ipcre.asel  channel  capacities  of  the  Jowns’^ream  channels  prevent  wide- 
spread flooi  cor.’itions  frori  occurrlnn.  The  major  flood  of  record  on  the 
Grand  "’iver  c:urred  in  '-larch  I'^Od.  ■■'!xl''ur  discharces  of  h.i  ,000  cubic 
feet  per  secon-.f  at  Grand  Rapids  and  cubic  foot  per  sccon.1  at  l .ansina 

were  recor'.-:.  ‘her  m-ajor  floods  of  record  of  sliq'flv  leS'S  manrifude  wore 
experi  ncr  ■ c-p"  the  main  stem  of  the  river  in  " * ■'  ‘i  legs,  ■''pri' 
f'arch  I9lh,  "arch  I903,  and  June  1^05.  In  addition,  water  surface  elevations 
above  flood  stacr  ^ along  the  main  stem  were  reached  twice  in  |Q.''.<'>  ;n,l  thre*- 
times  in  I9'.'.  These  floods  resulted  from  -'parate  snow  melts  and  ‘’igfi 
inters  it',  rainfalls. 

b.  Pa'S  t Peve  I opments . Following  the  "<arch  I'^O-I  flood,  "fhe  rlt\  of 
Grand  Rapids  ''Xpepdod  approximately  TI,0no,'iO0  for  the  ccn.str  icf  i on  f I 
ret.-iininq  wall'.:-  -ri-l  levees,  with  accompany  I r c interior  dr.ain.one  'Gonq  the 
banks  of  the  Grand  River  w i tf  i n the  ci  fv  limits.  These  walls  .vor(>  .Ic'-iined 
with  a ‘'wo-fcot  freeboard  allowance  over  tp^  staeep  reached  durinp  the  I'tfd 
flood.  Their  • 'f  f ect  i venesSi  i . evidenced  by  th-'  f.act  that  floodir':  l.amape 

: i nee  fheir  construction  has  been  confine.;  to  the  sou fern  serti.-o  of  the 
ci  tv  of  Grand  'fap  i ds  which  is  not  protected  hv  the  walls.  H.^we^r'^,  the  I ’-13 
flood  crested  within  two  feet  of  the  top  of  these  'wells.  The  downtown  are.i 
of  ‘r.-pt  Rapids  extends  alonq  the  left  hanl-  of  the  pivep  i'"medi  .^te  I v ’diacert 
fo  this  flood  wall.  Small  servi.'e  businesses,  large  and  '-'ill  irdusfries. 


I l-'7 


jnd  residentiiil  areas  are  located  on  the  riqht  hanU  of  the  river.  The 
streets  on  both  sides  of  the  river  in  this  sec’f'ion  are  several  feet  heir.'* 
the  top  of  the  floiiri  v.  ■;  1 I . Because  of  channel  si  Itim  and  encroachrent 
of  the  walls  into  the  natural  flood  plain,  a flood  of  the  l‘“‘0''‘  rnqpitudo- 
would  probably  overtop  the  flood  walls. 

The  city  of  Jackson  modified  the  Grand  Fiver  channel  by  encasing  the 
river  in  a concrete  con  luit  placed  on  the  existinq  riverbed  throuoh  the 
central  business  district  and  by  widening  and  stra  i ohten  i no  the  river  ct^anrel 
fror  Jackson  Road  to  Berry  Road,  about  eight  mi  |r-'-  north  of  Jackson.  * 

of  the  concrete  conduit  is  exposed,  except  for  a vraM  section  buried  under 
bu'Idings  along  both  ides  of  f^ichinan  Avenue.  Mo  sionificant  flood  da'^aoe 
has  occurred  since  th  i i^'prover'ont. 

Lowhead  power  da^s  have  been  constructed  and  rair+ained  on  :he  ■''■ran': 
River  and  some  of  its  ‘ri butar ies , but  they  a-e  not  desicned  to  provide 
f'oid  damage  reduction. 

The  Muskrat  Cre.‘-  r-ershed,  located  In  ■Tlin'-o''  Tountv,  inrlules  i.C 
! I es  o -f  " u 1 1 i p I e-p T ' S‘''  ( f I ood  p re  vent  i on  and  d ' a i nape ) channel  ' "t  • . . ■ - 

'he  Cat  I i n-.V  i+o'-s  .Mtershed,  aiso  loca^-ed  i'-  C’'‘nton  Coantv,  . _:e-j 

4.'  miles  ■*  nu  I *■  i p !••-Du"po■se  (flood  prevent'r'n  and  dra'naqe)  channel 

c.  Needs.  Needs  are  measured  by  the  estimated  annual  flood  dr.-nne 
to  residential,  con-me  rc  i a 1 , and  industrial  properties  in  the  Grand  Fiver 
basin.  This  study  shows  that  flood  damages  to  agricultural  lands  locatn-; 
along  the  main  stream  between  the  urban  damage  centers  do  occur  but  ar--  not 
siqni f i cant. 

Needs  are  based  on  existina  structures.  It  was  assumed,  for  purposes  of 
this  study,  that  wise  plarning  at  all  levels  of  government  will  preven*  th^ 
construction  of  new  structures  in  the  flood  plain  or  require  f loodproc' i r : 
of  existing  structures. 

Therefore,  future  flood  damaae  in  the  flood  plains  was  not  projocfcd  on 
past  trends  because  all  available  indicators  show  that  construrtior  will 
follow  a different  pattern  from  the  past.  However,  it  is  fully  reco-^n  i .’pd 
that  damage  potential  exists  and  could  result  in  si ani f i canf Iv  larnm  dollar 
amounts  if  preventive  measures  are  not  taken. 

Prevention  or  controlling  of  flooding  is  needed  on  fhe  G’lh.OOO  acres 
in  the  Basin  now  vulnerable  to  '^loodwater  damages  or  havino  wetness  problem-. 
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Within  the  upstream  watersheds  and  tributaries,  flood  preventative 
measures  are  needed  on  90,000  acres  of  flood  plain  lands. 

^loodwater  retarding  structures  and/or  mi,  | M p I e-purpose  chanro'i 
(flood  p'-evention  and  drainage)  are  recuired  on  sites  of  pronourco  : 
flood  danger  to  alleviate  the  frequent  flow  and  excessive  runoff,  ‘.''n- 
structural  conservation  measures  for  watershed  protection  are  nen-'p.p  o-' 

1.2  million  acres  within  the  Basin  by  I'^PO.  These  aqronon-ic,  I _ p_ni 

and  woodland  practices  are  also  needed  in  coniunc+ion  with  the  stn  ‘••.j--  | 
measures,  above  and  below  the  structure  sites,  and  in  areas  of  les^  " 
nounced  flood  danger  (no  structural  site  planned)  to  control  -^he  np-^,-, 
amount  of  soi I loss  and  water  flow. 

d.  Flood  Damage  Centers.  The  study  revealed  ten  flood  da'".' x'  < -^cr- . 

(!'  '\da.  The  flood  problem  at  Ada  results  from  h i .■;h  Thorn  >•  p lo 
River  flow---.  Flood  damages  have  been  small,  due  to  the  small  si.'p  o‘  the 
comruni+y  and  the  limited  development  of  its  flood  plain.  Averane  .'■nnual 
damiae  is  iJ.COO. 

(2)  East  lansi  nn.  Floods  at  East  Lansinq  result  frc"  r i ve 
flows  in  •'he  Rod  Cedar  River  in  conjunction  with  high  stages  oi  the 
River.  Flood  protection  is  required  for  subsfantial  resident  i d,  iti'-. -I. 

.and  retail  Jevo  I opments . Average  annual  flood  damage  is  $vfa,.)00. 

(3)  L.^ton  Rapids.  Floods  at  Eaton  Rapids  resuM  fr.im  hinf-,  ■‘Irw' 
in  Spring  Brook  coincident  with  high  flows  in  the  Grand  River.  I he  n.tlot 
capacity  of  Spring  Brook  is  seriously  impaired  by  high  Grand  Ri\o"  at  ices 
which  cause  Spring  f^rook  flows  to  overflow  the  hanks  and  draiti  t ' I ,• 

overland  throuah  the  city  of  Eaton  Rapids  to  the  Grand  River. 

(•1)  Gr.tnd  Rapids.  Major  flood  damages  would  occur  af  ('rind  R.ipif-. 
if  Grand  River  stages  were  to  exceed  the  flood  w 1 1 I t'uill  to  prefa  ' ‘'he 
city  after  the  record  I d04  flood.  The  wall  has  never  been  over-'.-pp’-e , :,j‘ 
the  h''''?  and  I R48  floods  came  within  fwr  feet  cf  overtoppint  i‘.  !’■ 

inpual  damage  is  $429,000. 

(5)  Grandv  i II  e . t lood  darviaes  at  Grandville  result  i r ; tequa ' 

channel  capacifies  in  the  Grand  River  adjacent  to  low-lyina  r«->'- i de'i  f i il,  er’'- 
mercial,  and  industrial  areas.  Averaae  annual  ti'"  aqe  i '•  il.'d.OOO. 


((■)  lorii.i.  FI 


d at  lor  ia  resul'  -^rc/"  i riadeTja ro  .•■■‘'I 

ir.ici-ies  of  the  i"rr.d  liver.  When  the  limited  area  of  tho  channel  is 
e^.eeded,  i he  v.. iters  . nread  • /er  a hroad  flood  plai''.  I inoces  are  "'n'"  I ■, 


‘ ■ too  to  farm 
: ;"ane  is  S5 I ,000. 

( 7 ) L . n s i n . 
• and  Ri ver  and  in  ‘ h 
I i mi  ted  t''.  res  i te'"'*  • i 


I !'  's  and  Ionia  County  Fa  i r-ir^)i;'iC' . Aver.ine  arm 


I oi  d-  at  Lam'.inn  result  frc"  ■ 1 :■  'rt  ines  in 
e<.'  .<=''ar  -'iver  The  flood  t r ;t  lom  is  aene^il  Iv 

I '.pments. 

(°)  Lowe  I I . L w;  I I has  t flood  prcbler.  w^en  ‘ i jh  i'lat  Rive-  • !r 
..''incirie  with  hich  nra-id  Fi.er  flaws.  The  high  'ir  o' 


iver  sta'ies  s-^rin.j;,  i 
i mr  1 i r the  ou  I I et  caoa b i I i i a a of  t he  ^ 1 a t River,  w^i  i cn  in  t ij rn  backs  up 
flows  n.ituriil  Iv  over  I ind  througf,  the  downtown  anc  residential  areas  'f  tne 
city.  Average  annual  damarj.j  at  Lowell  is  S57,000. 

Plainfield  Town<-hip.  Flood  problems  in  +his  area  nesu  I t tpc'- 
iradeguate  Grand  Riven  chranm  I c.apacifies  due  to  inferse  residential  use  rt 
I'lP  flrnd  plai'.  I ite  _,<a"'s  riehind  pilings  and  bridge’  piers  infensify  fhe 
prot  l‘.■ms.  Avorone  annual  damane  in  $55,000. 

(10)  Lyons  ■ Tr  . • iood  damages  at  Lyons  resulted  ‘ flaodi''c  .pe 


■ w lyig  lands  duo  tc  backwater  ‘^ron  a dam.  ‘lo  s i sr.  | f j pan  i e|Qp^j  d-,"ar)v 
:S  occurred  at  Lyons  si;  -r-  -“io  dam  was  washed  out  in  I M7. 

P-  -inor  Flood  D.ar^aae.  7inor  flood  problems  exist  at  nimoppaie,  ,r 
Ledqo,  t'a-on,  Portland,  and  Caranac. 

7.  RECREATION 

a.  Pem.anri.  Land  fcr  recreation  should  he  close  to  surface  water' 


Recreation  areas  adjacent  to  usable  water  have  greater  appeal  tg  the  recr. 
■ itionist  than  land  devoid  of  water.  Even  actlv!  ties  net  directlv  ’o  I at'‘‘ f 


‘-0  water — hiking  and  sightseeing — provide  nreater  satisfaction  -.n  ;•  I - ■ 
to  water.  See  Table  11-13  for  projections  of  demand  for  *-ho  Pasin  i-cludi” 
land  for  parking.  See  Appendix  J for  demand  by  subareas.  fat'le  M-14 
,u”""'ari  .:es  fetal  annual  occasions  and  recreation  days  by  :ui  aroi  in  the  ‘-is 
If  i nc  I udes  p ro  i ec  f i ons  of  demand  for  the  f i ve  has  i c act  i v i i es  i S’w  i nr  I ng , 
boating,  water  '.kiinc,  camping,  and  picnirkim;  and  the  mecendary  activifi-' 
siehteeing,  hiking,  ant  nature  walks. 


Table  I I - I 

Basin  Sunnarv  of  Denand  i regents 


l)c’si;vn 

, Dcvoloiicd  Aoii  .r,;f 

Visitor  Occ-osioiis 

Loud 

Hc-(iuirc'im-nt; 

AcUvily 

Your  AmuKil  Suinim'r 

\ i.‘  il.s 

Lnnd  WoU  1" 

(1,000'S)  (1,000's) 

(1,  oOO'S) 

Acli\itii';  I’oilin;  (1,000': 

Swiinniinp; 

1000 

3,  338 

2,8‘)5 

42.  0 

08 

120 

lost) 

7,277 

G,  300 

00.  3 

207 

200 

2000 

13,201 

11,4  17 

1 r.  1 . 1 

377 

400 

2020 

20, 558 

17,001 

25G.  2 

580 

732 

i'.oalin;'; 

1000 

1,827 

1,108 

13.  7 

137 

2..-1 

lOSO 

4,003 

2,072 

30.  0 

300 

01.2 

1 

2000 

7,527 

4,057 

50.  7 

507 

1 1 1 

2020 

11, G02 

7,000 

88.0 

880 

1 70.  0 

Water- 

15)00 

90n 

150 

.8 

8 

0.  1 

Ski  top, 

lOSO 

5GG 

44  7 

2. 1 

21 

10.  s 

1 

2000 

1,  150 

SO) 

4 . 3 

43 

3).  1 

1 

2020 

1 , 882 

1 , 4 01 

7.  0 

70 

50.  0 

1 Camijinp: 

I'lOO 

G14 

370 

10.8 

273 

1980 

1, 780 

1,002 

31.1 

778 

2000 

3,910 

2,30? 

08.  0 

1,710 

1 

2020 

G,  G30 

4 , 088 

11G.8 

2,010 

Pienid;in<; 

1<)00 

3,  42 1 

2,103 

31.4 

G20 

8;i 

1080 

G,205 

4,0  10 

57.8 

1 . 1 50 

KiO 

2000 

10,410 

0,702 

!)5.0 

1 , 0 1 S) 

275 

2020 

15, 770 

HI,  123 

M i.  3 

2,801 

113 

Sc’ootula  ry 

1000 

8,  837 

3,  305 

55 

Aeti\ities 

1080 

20,230 

7, 887 

no 

2000 

38,040 

1 1,802 

220 

2020 

G 1,4 30 

24,001 

3iS 

1 Su  mm 

1!)00 

18,230 

10, 120 

OS.  7 

1,000 

■111 

33.  8 

of  all 

1080 

40,220 

22,  150 

211.0 

2,111 

871 

78.0 

[ Activities 

2000 

7 1,272 

41,  105 

380.  0 

1, 00(i 

1,57  1 

1 17.  8 

1 

2020 

117,071 

05,270 

012.  0 

0,  308 

2,4  13 

232. 0 

1 
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Table  11-14 

Su"if^drv  o‘  Occasions  and  F-’ecr‘"‘a+lm  Lays 

For  a I I Acti vi ties 
Py  Subarea  and  Year 


ubar-^a 

1 -cC 

■ 1 .ocr.'s) 

I960 

( 1 ,000's) 

2000 

' 1 , 0 : 'z) 

2020 

( 1 ,000'  ,) 

A . . ■ 

1 

4,250 

7,P5I 

1,  ,470 

p.,  . ' 

771 

1 ,700 

. 1 ■ 

4,938 

. i's  i m 

. 

. ;o4 

9,840 

1°,  ' • 

28,880 

r.  _ 

1 ,7BA 

3,936 

1 

1 1 ,552 

West  Cen+ral 

A . . 

4, “eg 

10,737 

\9,^?2 

32,491 

R.O. 

1 ,048 

4,295 

7,029 

1 2 , 996 

rand  •■apids 

A.O. 

~ ,T6I 

8,080 

14,004 

23,679 

R.P. 

1 , 4-,  4 

3,232 

==  , ''"’•2 

9,472 

'T  1 beas  t 

A.  . 

3 . 1 3 

7,7|S 

1 15 

21,451 

o . . 

1 ,3:7 

2,927 

5, 4 Oh 

8,580 

. t:  1 

A . ' . 

13, .'’36 

40, .'’(9 

74,268 

( (8,970 

7,:oa 

O', 090 

.79, 7 at 

47,583 

A.'.  - Arnu.il  Occa:  iof^S 
R.D.  - Pecreition  i'ivs 


b.  Supp  I y . The  supply  inventory  is  an  analysis  of  public  wa+er 
oriented  resource  areas  in  the  Grand  River  basin.  The  invertory  ir  luil-- 
Federal  , State,  county,  and  certain  municipally  administered  areas.  Those 
municipal  recreation  areas  containing  recreation  tacilirins  for  one  '.r 
more  of  the  five  major  activities  considered  in  this  study  were  included  in 
the  supply  inventory.  Only  those  oriented  prif^arily  toward  swimriri;  dooL. 
and  playgrounds  were  omitted  from  the  inventory. 

Camping  facilities  on  private  recreation  areas  were  included  i r ft-, 
inventory  of  sunn  I y.  Lack  of  available  data  on  privately  operatea 
facilities  for  other  activities  precluded  an  analysis  of  them. 

Private  recreation  enterprises  frequently  serve  as  a holdinc  u' i t 
for  overflow  from  public  areas  and  commonly  do  not  provide  a rounded 
recreation  experience. 

(I)  Exi sti ng  Supn  ly . The  existina  supply  was  inventoried  and 
evaluated  on  the  basis  of  present  develop^^ent  and  current  unused  can  ic  i . 
The  inventory  also  includes  programmed  and  potential  areas  with  conside'"- 
ation  given  to  type.  Quantity,  and  quality  of  land  and  water  resources 
now  aval  lable  or  suitable  for  future  deve  I opr-ent . 

Actual  supply,  or  potential  capacity,  is  measured  in  terms 
of  developed  acres  for  each  activity  and  not  on  visitation  estimates. 

That  is,  supply  figures  were  derived  in  acres  which  could  be  converted 
to  recrea+ion  days  with  the  application  of  the  Rureau  of  Outdoor  Recre- 
ation design  load  standards.  This  allows  the  resource  base  carr\ina 
capacity  to  be  interjected  in  the  evaluation  of  existlnc  sites  and  pro- 
vides development  guidelines  necessary  for  the  provision  of  a qualify 
experience.  Sec  Figures  M-i,  11-2,  and  II-T  for  location  of  exlstini 
recreation  areas.  A list  of  their  names  is  aiven  in  Table  Il-Iv 

Some  of  the  existing  State  and  county  parks  have  relatively 
I 1 qh i development  in  relation  to  total  land  area  available.  In  some 
instance's,  it  may  be  the  plan  of  the  admi  n i st  ra  f i ve  e.overnmenta  I ciM'v 
to  retain  certain  unusual  areas  as  outstanding  natural  areas  with 
li'^ited  development.  However,  other  areas  can  be  developed  more  ‘ullv 
without  crowding  to  provide  additional  facilities,  especlallv  for 
picnickinn  and  camping,  without  the  purchase  of  additional  lands. 
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Table  ll-r. 

fJanips  of  Existing  Public  Po'-reation  Areas  In 
Or  Near  the  Prand  --ivnr  Basin 
St;iti'_P:u’ks_:ind  Rec real i (in  Arcus 


1. 

Walter  .1.  lla\es  Slate  Park 

1. 

Gras.s  F;d;e'  Pari. 

2, 

Waterloo  Recreation  Area 

2. 

Lime  Fal.e'  Park 

3. 

Pinckney  Recreation  Area 

3. 

Plc'asant  Fake'  Park 

4. 

Hrighton  Rc'creation  Area 

4. 

Portage'  Fal.e'  J’.'irk 

5. 

Fort  Cuslf'r  Recreation  Area 

5. 

Sinrks  Pai-k 

(■). 

Yankee  Springs  Recreation  Area 

0. 

N'anele'rcoi'l,  Fake'  Park 

7. 

Holland  Stale'  Pai'k 

7 , 

Fal.e  Fansing 

«. 

Gi'and  Ilat'cn  Stale  Park 

8. 

Granel  Kieeu"  Pari. 

fi. 

,1.  P.  lloffmaster  State  Park 

9. 

Rayner  Pa.rk 

10. 

Muskegon  State.'  Park 

10. 

Cliarltein  Me-meirial  Park 

1 1 . 

SR'cp.v  Hollow  State  Ikirk 

1 1 . 

I’.e'rtli.'i  Hreu'k  Ce)un1>  Park 

12. 

Ionia  Recreation  Area 

12. 

Mat  Reee'k  County  Park 

1.3. 

Newaygo  State'  Park 

13. 

Krum  Pari. 

14. 

Townline'  Fake'  Park 

State  Game  Art'as 

1.0. 

Rive'i'.side'  Park 

10. 

llaj'.e'r  Pai'k 

1, 

Sharoinilk' 

17. 

Grosc'  Park 

2. 

Maple'  Ri\er 

18. 

D'Aighl  F\di'll  Park 

3. 

Rose  Fake  Experiment  Station 

19. 

Plainfie'ld  Park 

4. 

rtansville 

20. 

Warre'n  R.  Townsi'nd  Centnt 

M iddlevilU' 

Park 

0. 

Harry  County 

21 . 

I.ake  Counl\'  Park 

7. 

Poi'tland 

22. 

White'  Piiie'  Counly  Park 

8. 

VesHnirg 

23. 

Spe'nce'r  Park 

9. 

Stanton 

2 1. 

• Gordem  Count\  Park 

10. 

Flat  River 

2.0. 

Fonglake  Count  \'  Pai'k 

1 1 . 

Lang.ston 

20. 

He'nry  .le'hnson  Park 

12, 

Edmond 

27. 

Finns  C.  Palme-r  Park 

13. 

Granel  Haven 

28. 

Douglas  Wall.e'r  Park 

14. 

Cannonlnirg 

2!l. 

Paris  Park 

i.o. 

Fouell 

30. 

Dutton  Shall;,  siele  Park 

10. 

Rogue  River 

31. 

Cali'donia  Fake'siele  Park 

32. 

Coldwale'r  Ri\i'i'  Park 

33. 

Chii'T  Ha/y  Cloud  Park 

34. 

Fallr.l.urg  Park 

3.0. 

X'inevaril  Fake'  Park 

30. 

Sw.'iins  F:;ki'  Pa’ 

Not  spioKTi  in  Figure  II -3 
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0 

0 
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3 
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9 
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70 
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7 
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27 
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28 
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'istricts  in  i-iventory  of  private  ou'rfoor  recreatio'"  enterprises, 
invertorv  dr^velonet  detailed  data  on  a ccun-^V  basis  for  twelve  broad  ■-'r.-‘r>r- 
prise  types. 

Ar-.prJing  to  Woodall's  Trailering  Parks  and  Carpqrcunds,  'ben; 
are  private  canporounds  providing  a total  o'  G80  carping  spaces  in 
II  countin'-,  i this  Study.  They  range  in  slr^  ^ rom  2 to  "ore  th='  lbp  ■-,ar.'>s 
each  ,ani  r".  iin  a variable  range  of  services,  "anginq  fr-"  j pa-r  " i • ' - 
to  npDortun i ' i es  for  swinoing,  boating,  'isbinn,  and  other  fjtdor - ' 'r  ■ . 

Of  the  29  si'es,  ^ provide  opportunities  for  sw'nrr'inq,  B for  boati-':,  I 
pirnirking,  a^d  I2  for  other  outdoor  activi*|n>s.  Ser>  Table  ll-l"  ' ^ 
breakdown  hv  subarea. 

Bas-_d  -r  the  design  load  usee  ear'i^''-  in  this  stuc/,  the  r pg  cirpinq 
sites  are  epuiv.!ler+  to  68  acres  of  developed  land.  This  enui valn"t  ^ 
included  in  the  existing  supply. 

(3)  Supply.  Progranmed  supply  was  obtained  fr-'-  the 

Michigan  Sta'ewile  ria^,  while  potential  water  sites  were  identi'ie-i  f ,■  ‘he 
Corps  of  Engineer-,  '.oil  Conservafion  S^rvi-o,  ind  '■'ichiqan  Water  -nsoiir'-es 
Cor.r  iss  i on  . A Mi  i ' i on  a I i n'ornnat  ion  conce-ninq  potential  "ecrea+i ‘n  ar°,as 
was  qathered  durins  Basin  reconnaissance  trips  and  personal  conf-a  t .v  i th 
area  and  count/  pLanninq  connissions. 

Deter’ni  ngt  i on  of  the  I960  unsatisfied  demand  requi  r.-^d  i Jenti  f i j.atl  -r 
of  the  capabilities  of  future  outdoor  recreation  programs  as  d-nscribed  in 
county  and  State  plans.  To  qualify  as  a proo'-ammed  area,  an  i'-''.'i  lu-al  pr  - 
ject  must  be  planned  for  development  with  a site  plan  and  acti/i  h m at.  .-Jow  n . 
Those  projects  which  could  be  listed  only  as  hopeful  acquisition-,  were  not 
included  in  prncr  supply  in  the  study. 

Plans  are  heinq  developed  bv  the  Soil  Conservation  dervire  - 
flood  prevpn 'i '.an  me  tsures  on  the  upper  part  -of  the  Maple  River  under 
Public  Law  . 'wo  structures  are  being  proposn>d  for  flood  prevf'nhion 
and  recreational  purposes.  The  Sleepy  Hollow  site  on  the  Litfl--'  ‘‘‘rle 
River  is  al-eadv  under  development  bv  the  S'ate  of  Michigan.  T'e  pl.anne.t 
facilities  for  this  site  are  included  in  the  programmed  supply  avail  ible. 

The  other  proposed  s'rjcture  located  on  Rear  Creek  will  provi.fe  a 
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Summary  o'P  f.arpinq  and  Related  Recreational 
Ficilitios  Provided  by  the  Private  Sector 
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recreational  pool  of  235  acres.  When  this  site  is  developed,  it  also 
will  provide  a siqnitica'^t  quantity  of  additional  fcicilities  in  an  ima 
of  substantial  demand,  bu+  with  limited  opaortunity.  This  site  was  not 
included  in  programmed  supp'y. 

The  S+ate  is  also  dev»;loping  a recreation  area  near  loni.j 
which  was  included  in  programmed  supply.  Newaygo  State  Park,  new  being 
planned,  wil  provide  recreational  opportunity  also,  but  it  was  not 
included  in  programmed  supply  because  it  lies  outside  of  the  study  area. 

Recreational  facilities  programmed  for  development  were  not 
enumerated  by  site.  Each  project  was  evaluated  for  its  contribution  to 
the  required  activity  facility  needs  across  the  Basin.  As  is  the  case 
with  supply  and  demand,  all  computations  are  expressed  in  terms  of  acres 
of  land  and  wafer  which  may  be  converted  to  visitor  days  when  required. 

A summary  of  programmed  development  is  set  forth  in  Table  ll-l  . 

c.  Needs.  Need  is  defined  as  the  difference  between  the  existlnc 
recreation  su.aply  and  the  total  demand.  The  I960  need  was  derived  by 
subtracting  yhe  existing  1965  supply  from  the  total  I960  demand.  Projected 
activity  needs  were  determined  by  subtracting  the  1965  supply  and  the 
programmed  supply  from  projected  demands. 

The  needs  for  sightseeing,  nature  walks,  and  hiking  were  computed 
by  applying  a percentage  figure  for  each  of  these  activities  to  the  sum 
of  the  annual  visits  for  the  five  activities  projected  in  detail. 

The  percentages  used  for  sightseeing,  nature  walks,  and  hiking 
were  60  percent,  18  percent,  and  4 percent,  respectively.  These  f inures 
were  obtained  from  the  per  capita  participation  rates  for  I960  in  the 
Outdoor  Recreation  Resource  Review  Commission  Reports. 

The  study  assumes  that  if  the  water-oriented  needs  of  the  five 
previously  defined  activities  are  provided  in  a quality  setting  sufficient 
land  will  bo  available  for  the  associated  less  intensive  activities,  such 
as  hiking  and  sightseeing.  Table  11-19  is  a summary  of  projections  of 

need  s . 1 

Thi>  table  for  needs  in  I960  shows  the  Jackson  Subarea  with  sub- 
stantial surpluses  in  camping  and  the  Grand  Rapids  Subarea  with  surpluses 
i n p i '~n  i ck  i nq . 

i .1 


Table  11-18 

Acreage  Programmed  for  Public  Recreational 
Development  by  1980 


Act i V i tv 

Jackson 

bans i nq 

West 
Centra  1 

Grand 
Rap  ids 

North- 

east 

Bas  i n 
Tota  1 

Sw i mm i ng 

0 

6 

7 

9 

0 

22 

Boating  ana 

2 

5 

3 

7 

0 

1 7 

Water  Skiing 
Camp i ng 

21 

26 

45 

54 

0 

146 

Picnicking 

31 

61 

50 

68 

2 

212 

Parking 

0 

18 

20 

25 

63 

Water  Surface 

0 

410 

85 

_ 

495 
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Basin  Summary  of  Projected  Recreation  fJeeds 


Acti\dt\; 

Year 

Demand 

in  Acres 

Sujrply  in  Acr()s 

Need  in 

Acres 

Devel- 

oped 

l.and 

Water 

Surface 

Dtvcl- 

opod  Water 

Land  Surface 

Devcl 

oped 

Land 

Watei 

Surfae 

(1,000's) 

A* 

A*: 

Swimming' 

Ittc.o 

08 

07 

31  *** 

Iftso 

207 

22 

118 

2000 

377 

288 

2020 

r>so 

500 

” ■ ing- 

HHIO 

HP) 

33.8 

t3  30. 0 

102 

■•'Kt 

I'iSO 

327 

78,0 

17  .5 

207 

38.  5 

ill  or 

2000 

010 

M7.  8 

550 

10s.  3 

Skiing 

2020 

950 

232.  0 

800 

102.  5 

Camping 

1000 

273 

183 

00 

1080 

778 

140 

450 

' 

2000 

1,710 

1,381 

2020 

2,  010 

2,  500 

Picidcking 

1000 

020 

400 

100 

1080 

1 , 1 r,o 

212 

487 

2000 

1,010 

1,247 

2020 

2,801 

2,  218 

Parking 

lOiiO 

20-1 

145 

lit)"' 

i t * 

1080 

r.M 

. 03 

330 

2000 

00-1 

750 

2020 

1.-103 

1 , 280 

Siimmni’y 

1000 

1 , 1 00 

33.8 

808 

51  L‘ 

*.  * * 

of  above 

1080 

3,  015 

78.  0 

400 

1 , 05S 

3s.  5 

Act  ivi- 

2000 

5,  580 

lt7.  8 

4 , 222 

10s.  3 

ties 

2020 

8. 8.12 

232.  0 

7,4sl 

pr.L  5 

+ Kxislin 

g deve 

lo])ed  land; 

’I  I ,and  ] 

program meil  foi’ dei'clopment  lii'fi 

>re  1080 

'J'lic  aro.'i  of  water  sui'facc'  iH'ojcclc'd  In  satisfy  needs  for  liontin;',  and  wati'f 
skiiii"  will  jirovide  the  sni;dl  amount  of  water  suiTace  needed  for  swimmin;;. 
J+<I,and  for  i)arkinR  ineludes  that  lu'eded  foi-  all  parkin}^  exeept  lioatin;',,  water 
skiin'v  and  eampin;!;  whieli  is  ineliided  in  land  needed  foi' tlie  aetivilw 
*|*Tolal  needs  cannot  lie  aeenra1el\  olitaincd  hy  siiht  raet  inj';  tot  al  snppl>  from 
total  demand  ))erause  sui  pliises  of  faeililii  s in  one  aeti\ity  cannot  l>e  used 
to  offset  a ncc'd  in  anot  'ier. 

I * ^ *Indic-ates  sui-phisc's. 
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The  projections  of  demand  and  needs  do  not  reflect  an  accurate 
picture  of  the  intensity  of  pressures  exerted  on  the  Jackson  Subarea. 

The  demand  from  the  Detroit  Standard  Metropolitan  Statistical  Area 
for  recreational  facilities  is  much  greater,  proportionately,  in  this 
area  of  rolling  relief  than  it  is  in  the  more  level  areas  of  the  lake 
plain  wit-hin  the  Detroit  service  area.  Similar  conditions  exist  for 
other  Standard  Metropolitan  Statistical  Areas  where  substantial  portions 
of  their  respective  service  areas  lie  upon  relatively  flat  lake  plain 
relief.  However,  no  attempt  was  made  to  adjust  effec+ive  population 
and  demand  fi cures  for  fhis  factor  because  of  its  nebulous  nature  and 
the  difticulty  in  developing  a reliable  tool  to  make  reasonably  accurate 
corrections.  Therefore,  surpluses  in  the  Jackson  Subarea  could  easily 
be  more  of  a paper  nature  than  an  actuality. 

Surpluses  in  the  Grand  Rapids  Subarea  result  from  the  presence  of 
extensive  recreational  facilities  in  or  near  the  area  and  proposed 
development  of  substantial  additional  facilities  over  -^he  next  few  years. 

The  presence  of  surpluses  in  certain  subareas  a-^fects  the  needs 
picture  for  the  Basin  as  a whole.  When  needs  are  computed  for  the  Basin 
as  a whole,  surpluses  in  one  subarea  reduce  needs  in  other  subareas. 
Therefore,-  the  sum  of  the  needs  for  the  five  subareas  may  be  greater  than 
the  stated  needs  for  the  Basin  as  a whole. 

There  may  be  a surplus  of  recreational  facilities  for  certain 
activities  in  some  subareas  when  a major  reservoir  is  constructed.  How- 
ever, when  reservoirs  are  built  it  will  be  necessary  to  construct  recre- 
afional  facilities  on  adjacent  lands  even  if  the  construction  creates 
a surplus  or  i ncreases  an  existing  surplus.  Such  construction  will 
permit  the  development  of  a complete  recreational  facility  adjacent  to 
I irge  bodies  of  w iter.  In  most  cases,  these  surpluses  will  be  of  a 
femporan,'  nature  and  will  be  absorbed  by  an  increasing  demand  within 
a few  yeir^-.  Most  of  these  surpluese  will  probably  be  evident  at 
relatively  sm  ! I I areas  that  do  not  provide  an  opportunity  for  a variety 
of  recreational  experiences. 

The  fretvj  toward  urbani7ation  has  been  in  progress  for  many  year-. 
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This  trend  is  creating  large  population  centers,  and  provision  of 
sufficient  outdoor  recreation  facilities  in  close  proxirnity  to  the 
people  will  be  difficult,  if  not  impossible. 

8.  FISH  AND  Wl LULIFL 

Traditionally,  fish  and  wildlife  resource  planning  has  developed  on 
a three-phased  approach;  (I)  an  inventory  of  physical  and  biological 
resources;  (2)  an  estimation  of  future  demands  on  these  resources;  and 
(5)  a plan  of  development  to  satisfy  the  demand.  The  rationale  of  ■‘‘he 
approach  and  methods  of  providing  the  needed  information  have  varied 
from  study  to  study,  but  these  elements  are  usually  present. 

In  this  study  the  "user-day"  was  chosen  as  the  index  of  comoarative 
need.  The  plan  simply  weighs  user-days  provided  by  the  existing  conditions 
supplemented  by  acquisition  or  construction  of  proposed  fish  and  wildlife 
facilities,  against  the  number  of  user-days  required.  These  plans  are 
based  on  several  premises,  a major  one  being,  that  if  the  necessary  lands 
and  waters  are  acquired  and  made  available  to  the  public,  the  resource 
manager  and  researcher  will  in  turn  provide  the  stock  of  fish  and  game 
required  to  sustain  the  increased  demands  for  hunting  and  fishing. 

A comparison  of  projected  supplies  and  gross  demands  permits  an 
evaluation  of  further  net  hunting  and  sport  fishing  demands. 

a-  Gross  Demands.  To  arrive  at  projected  gross  demand  figures  for 
the  target  years  1980,  2000,  and  2020,  the  projected  I960  hunter  and  sport 
fisherman  parf icipation  rates  for  each  subarea  were  assessed  against  each 
subarea's  projected  1980,  2000,  and  2020  participants.  Gross  subarea  and 
Basin  demands,  expressed  as  angler  and  hunter  days,  are  shown  on  Tables 
11-20  and  11-21,  respectively. 

Gross  demand  for  fishing  generated  in  the  Basin  in  expected  to  increase 
from  1,517,000  angler  days  in  I960  to  2,000,500  in  I960  ( 32f ) ; .",647,400  in 
2000  (75J);  by  2020,  demand  is  estimated  to  be  3,541,400  angU'>r  days  or  a 
120?  increase  when  compared  to  I960  angler  demand. 

Gross  hunting  demands  were  estimated  to  be  1,459,100  hunter-days  us>' 
wifhin  the  Basin  in  I960.  Demand  is  expected  to  decrease  slijhtiv  fo 
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1,400,900  hunter  days  by  I960  (,-A%)  ; then  increase  to  1,790,500  by  2000 
(2?“');  and  ultimately  to  2,269,700  hunter-days  use  by  2020,  an  increase 
of  when  compared  with  I960  gross  hunter  demand.  I he  decreased  overall 
Basin  demand  predicted  from  I960  to  I960  is  a result  of  a projected  decrease 
in  number  of  days  of  participation  per  hunter,  even  though  the  actual  number 
of  hunting  participants  is  expected  to  increase  in  the  interim  I960  to  I9H0. 
Indications  are  that  decreasing  participation  rriay  level  off  by  I960.  Thus, 
in  conjunction  with  continued  increasing  nurribers  of  hunters  will  result  In 
increased  gross  demands  by  the  year  2000  and  2020.  Strategically  located 
hunting  opportunity  developments,  in  place  by  1980,  should  generate  demand 
by  increasing  part i c i pat  ion  rates,  while  also  satisfying  existing  unfulfilled 
hunter  needs. 
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Tabl.'  11-20 

A Summary  of  Projection  Data  Relative  to  Future 


F ishing 

Demand  in 

the  Grand  River  Basin, 

I960  - 1020 

(A1 1 Dat 

a Kxpi essed 

in  lOOO's) 

Grand 

West 

Northeas 

Rapids 

Central 

Lansing 

Fringe 

Jacks."  n 

:^sln 

Subarea 

Subarea 

Subarea 

Subarea 

Subar'-n 

Tc-tfit. 

Population 

i960 

461.9 

110.6 

299-0 

90.4 

132. 0 

1093.0 

I9OO 

635.6 

142.8 

434.3 

U5.6 

177.0 

1 05.3 

2000 

500.1 

164.0 

626.6 

154.2 

250.7 

2115.6 

2020 

1242.6 

233.3 

56''.  6 

196.3 

333.7 

2B01.0 

Total 

•^Ic 

rs  (I'rom  Basiri) 

i960 

^■4.1 

36.0 

43.2 

15.2 

24-3 

'02.8 

i960 

124.1 

47.2 

73-" 

22.4 

37.0 

304.3 

2000 

162.7 

60  . !' 

101.1 

29.4 

5O.3 

4o4 .6 

2020 

197.7 

75.6 

132.6 

37.2 

6n . 6 

506 . 9 

Total 

Angle 

rs  (Using 

Basin) 

i960 

33. 

37.4 

24.9 

10.5 

40.7 

146.9 

i960 

49.3 

40.1 

42.6 

15.4 

02.3 

218.7 

2000 

64 .6 

63.0 

s8.4 

20.2 

85.1 

291.3 

2020 

78.5 

78.8 

75.5 

25.6 

109.8 

369.2 

Gross 

Angler-Day  Demand  (Usirg  Basin) 

iS>6o 

401.4 

610.  D 

116.6 

flo.6 

307.5 

1517.0 

1980 

486.3 

646.9 

309.1 

101.6 

456.4 

2000.3 

2000 

637.7 

829.3 

423.1 

133.3 

623.5 

2647.4 

2020 

774.6 

1037.9 

554.8 

169.1 

805. C 

3341.4 

Net  Angler- 

Day  Demand 

(Using  Basin) 

1980 

84.0 

36.3 

192.5 

21.0 

140.6 

483-3 

2000 

236.3 

219.2 

306.5 

52.7 

315.7 

1130.4 

2020 

373.3 

427.3 

436.2 

86.5 

497.2 

10?4.5 
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Tabl.'  n-21 

Siiiranary  of  Projection  Data  Relative  to  Future 
Hunting  Demand  in  the  (;rancl  River  Basin,  1960  - 2020 
(All  Data  Kxpressed  in  1000 ’s) 


Grand 

Rapids 

riubarea 

Wl  St 

Central 

Subarea 

Lansing 

Subarea 

Northeast 
Fringe- 
Sub  arc  a 

Jackson 

Subarea 

2 isii, 
'Tot.'u. 

Pupulation 

lybO 

461.9 

110.6 

299.0 

90.4 

132.  c 

10: 3.0 

635.6 

142.3 

434.3 

il  V .6 

177.0 

1:,05 . 

2000 

900.1 

134.0 

626.6 

154.2 

250.7 

2115.6 

2020 

1242.6 

233.3 

867.6 

198.3 

333.7 

28cJ1  .0 

?otaI 

Hunters  (From  Basin) 

iy6o 

65. 'i 

25.0 

46.5 

20 . L 

16. 

iV4.  , 

i<>io 

96.5 

30.6 

68.7 

24.9 

24.1 

244.  - 

2000 

111. 3 

3:  -7 

93.7 

30.1 

32.7 

323.5 

2020 

173.3 

41.6 

121.5 

36.4 

42.1 

422 . • 

T tad 

Hunters  ( Bn- 

1060 

I5.O 

34.5 

37.3 

16.3 

13.1 

l46  ~ 

lb<30 

60.1 

42 . 2 

55.9 

20.3 

18.6 

203. C 

2000 

3v.6 

‘‘■9  - 2 

76.3 

24.5 

25.3 

F"'  - . 1 

2020 

122.0 

1. 

101.3 

29.6 

32.5 

3'*2- 

Gross 

Hunter-Day  Demand 

(Usir-4^  Basin) 

1:960 

261.9 

hlj.4 

366.2 

242.5 

155 . 1 

l4  ..j.l 

I9Q0 

258.2 

407.5 

343.2 

238.7 

148.3 

l4o' j.> 

2000 

351.2 

475.1 

475.1 

288,2 

200.  V 

1.  / 'O  . 

2020 

476.0 

551^  .0 

631,4 

348.7 

258.7 

2269. 

Net  Hunter- Pviy  Dt.-moncl  ('J 

f-i  Basii.) 

None 

None 

None 

None 

r.one 

jV.nc 

2000 

LI7.7 

69.8 

145.0 

52.3 

58.7 

4li!i  .0 

2020 

281.1 

154.1 

327.9 

118.3 

126.4 

1007  • 3 
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b.  '^upri  I . . After  determining  gross  demand  witt.in  the  basin,  It 
was  nccessarv  to  estimate  future  changes  in  opportur-ity  (supply',  ’epri:'- 
sented  by  acres  and  typs  of  hunting  and  fishina  habitat.  The  i'^dire'^ 

f pressure  ai  given  units  of  habitat  (fables  I l-?7  and  I 1-23)  ctr  be 
i'onside'‘ed  near  their  capabilities,  at  least  within  tiie  f'"aneworl-  of  kr  rw'- 
-a  ‘creseeable  determinants.  Indications  are  that  pressure  r-n  a .-i.r-n 
irea  of  habitat  remains  '"elatively  stable,  over  a neriod  of  year-,  i* 
resources  sust. lined  on  the  habitat  remain  stable.  Therefor'-’,  that 
'ortion  of  t-'C  habitat  base  present  in  near  future  years  should  support 
' unti na  and  fishinq  at  a rate  consistent  with  present  use. 

The  angler  is  normally  provided  wi*h  ever  increasinc  ,i-reaae 
ponded  wafer  to  supply  fishing  needs  through  reservoir  cons  * ruct  ion  mr.-.- 
qrams.  Impoundments,  howeve'",  are  usual  Iv  gained  at  the  expes-.e  . • 

Stream  fishing  h.iuitat.  To  compensate  for  losses  o-  stream  env i ronmer ’■ 
it  wi  I I be  necessary  to  continual  ly  attempt  to  improve  resid  lal  s're  m 
fisheries  throuqh  better  fishing  management  methods  or  through  more 
c+feotive  pollution  abatement  programs,  while  simultaneously  ext.-.nd'’c 
access  provision  programs.  The  initial  success  of  the  salm^.n  introdur*'  n 
program  symbolizes  a bright  future  for  many  f’irhinan  rivers  and  ■-.troa''  , 
including  those  within  the  Grand  River  basin,  and  repr. ’rents  a new  of • •• 
in  increasing  the  fisheries  base  of  the  State. 

The  hunter  seldom  realizes  an  increasing  habitat  base.  More  off””, 
huntable  habi'‘at  is  consumed  by  urban  sprawl,  highway,  changina 
of  landow'-’ers  t w nds  tt,,^  hunter,  and  other  hat)  i tat-;ic>r‘  i v i nc;  nt'a’:-,.:  . ' 

a burgeoning  populafi  r.  Information  on  projected  land  uS”  chanqe  , p-  - 
vi  ded  by  the  t onomi i-'esearrh  Service,  United  States  Department  of  Agrioul- 
ture.  East  Lansing,  f’irhigan,  w )■■  taken  into  cons  i der  at  i ■ 'n  In  all  'i."*Ing 
projection>=  ; e'.p'',' i a I I v as  they  indi,-.afed  reductions  it-  shirts  In  hunt  g ', 
land  bases. 
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Basin 


^ ach  rosourco  orien+eT  r.ien.y  whose  ’Outfl  affe<  t rexistin!-; 

create  future  Basin  fish  end  wildlife  h.jLif.-f  w?s  coo tacted  and 
requested  to  project  or  give  estimates  of  their  construction  or  monage- 
ment  plans  to  tne  year  lOBO.  Detai Is  of  these  programs  are  discussed  ■ n 
the  to  I lowing  section  of  this  repor-* . 

d.  ’.'et  -'"'■emaods.  '■Jeer  future  (1980)  net  Je"'inds  for  huntina  ant 
sport  fishinq  were  jetermipej  by  subtractin'-;  o^ist-np  ( (9G0)  use  fron-  '-he 
projected  Idso  gross  derjnd.  Consi  derat'or  w i--  'Iso  piven  to  acres  of 
hunting  ODPortunitv  lost  during  the  interir  1960-1980. 

tiuntinp  and  sr  ^rt  f i sh i no  net  demands  for  2000  and  2070  were  dete-- 
'"ino,;  using  the  same  method  as  used  for  the  nc-a- -''uture  (1980).  7h  -etore, 
.'^000  jn-j  2020  net  demands  were  a furction  ••  the  gross  demand  changes  in 
‘he  interim  years  ( NPO-7000  and  2000-2070),  the  carryover  net  demands  fror 
tt-e  previous  target  year  (ii  any),  and  in  consiaering  hurting  needs,  the 
e-*ects  of  land  use  changes  on  opportunity  and  use. 

The  reservoir  ■ 'nstruction  and  other  fishery  'Jeve  I comop  t programs 
completed  prior  to  and  conterp  I a tng  fo'  the  period  I965-I9B0  wMI 

affect  angler  interest  and  demand,  as  will  the  copulation  increase  evnop-ted 
prior  fo  1980.  it  is  estimated  that  the  I9P0  riet  iiasin  sport  fisheries 
de-  rr,  1 will  roQuire  an  additional  48\  ••po  anglrt-tavs  of  opportunity  over 
th  it  av  iiluble  in  I9t>0  (Toble  11-20).  derppnds  are  expected  to  increase 

I,la0,'100  angler -days  by  2000  and  l,S24,hQ0  by  7020,  over  those  provided 
in  i960.  Angler  needs  wi i I not  be  evenly  spaced  over  the  Basin. 

Broje-.tej  changes  in  land  use  and  a'.  i i I ab  i I I tv  indicate  th.-v*  !5I,000 
B.asin  .acres  will  be  lost  from  the  evistin;  hunting  base  by  1980;  an 
cMition.il  724,000  .acr*. will  be  i.mt  tv.  .’TOO;  and  787,000  acres  will  be 
altered  unfavorably  for  hunting  from  2000  to  .f0?0. 

the  I960  hunting  base  of  4,0‘-i2,^00  acres  will  thus  decline  t~. 
'’,881,600  acres  in  1980;  to  '^,657,^00  acres  in  2000;  and  to  3,^78,600 
I'res  In  2020. 

Althoijih  net  inds  for  additional  hunting  oppor  tun  i f i es  are  not 
proje.pted  for  (980,  net  iemands  will  soon  appear  in  the  interim  1980  to 
2000.  By  2000,  net  hunter  demands  are  expected  to  be  444,000  use- -day.. 
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which  i ncreasps  * I ,007,800  npf  h'loto'-  day*  deroand  by  ?G?0  'Tnl'U'  I I-  M . 
’'ieT  hunting  aenands  would  be  considorjLK  nreater  i*  ri  | 1 the  y>rar  : w ’ I 
originates  within  the  Basin  were  expended  on  in-Basin  facilities. 

Blans  presented  in  this  r-‘pi  rt  will  provide  guidance  'n  r.(-e  ■ ■ - ; 
these  further  net  fishing  and  hunf’ng  derands.  The  njrper  ‘ 
provided  by  a p-rticular  project  corpletod  prior  to  P80  would  satisfy 
the  de'^and  projected  f.  r the  2000  t<  ■ 2020  peri  .d.  dhere  l.^rar 
demands  are  h'.  • projected  for  a particular  subarea  p,'  I ,■  ,;c  . 

future  development  couid  be  arnuired  and  held  in  escrow  acainst 
1980  eemands.  This  method  would  also  hedqe  against  escal.-iti  ' Ian.; 
prices  in  future  years. 

9.  WATER  QUALITY 

a.  Genera  1 . The  problems  of  water  quality  control  In  the  ' rand 
Riyer  basin  m-  complex.  Solutions  to  these  problems  will  of  necessity 
involve  a comprehens i ve  program  which  includes  construction  of  new  sewer- 
age facilities:  and  continuous  and  intensive  monitoring  of  operatinc 
procedures,  treatment  plant  ef'^iciency,  and  water  quality  conditicins  to 
determine  necessary  additional  construction  and  operation  needs  as  the\ 
arise.  In  addition,  son;e  combination  of  advanced  waste  treatment  and  (ow- 
h|ow  regulation  may  be  reouired  to  attain  the  desired  water  cuallty  bel.w 
Jackson  and  Lansing.  The  following  paragraphs  present  info'-ra*’  n 

waste  sources.  nri.i(>cfed  w.aste  loads,  :^nd  water  guali-*v  improvement 
measures  which  should  be  employed. 

b.  waste  sources.  The  Grand  River  and  the  o treams  r ituj  tar-/  : - 
it  receive  an  estimated  organic  waste  load  of  32,000  pound-:,  of  lav 
biochemical  oxvgen  nemand  (BOPi^)  per  day.  Approximately  |n,0O'i 

.ire  tnor.-  intijstries  wi  fh  separate  d i sch.aro.es  . The  moot  i -;h  I ‘ i . ,;--i  w; 
loads  in  terms  of  wafer  use  impairment  are  discharoed  at  .lackson  and 
bans i ng . 

The  following  paragraphs  summarire  the  mai-'i”  waste  souri  t-s  In  t*  • 

Bds i n . 
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Table  I I -2b 

Industries  with  Separate  Outfalls 
by  Type  of  ' n 1ir' try 


Pulp  and  D3rer 


Paper  convertinq  (tissue,  corrugated  boxes,  cartons,  lamina+ini, 
and  gummed  moor) 

Packing  Corporation  America 
Grandvi I le 

Packing  Corporation  of  America 
Grand  Rap i ds 


Fi ne  paper 


Pock  ford  Paper  Mills,  Inc. 
Rockf ord 


Food  processing 


Canning,  fruit  and  vegetable  packing  (canned  fruit  and 
vegetables,  meat,  etc.,  frozen  fruit  and  vegetables, 
fresh  vegetable  preparation  and  packing) 

'lational  Fruit  Produc'i'S 
Company,  Inc. 

Kent  City 

hi  throw  Pickle  Companv 
Sand  Lake 

Aunt  Jane's  Foods 

Division  of  the  Borden  Company 

tdmore 

Ore  - Ida  Foods,  I nc. 

Greenvi I le 

Duffy  - Mott,  Inc. 

Bai  ley 


Fiudsonvi  Me  Da i ry 
Hudsonv i I I e 


I 1-67 


'/^D-A043  988 


UNCLASSIFIED 


GRAND  RIVER  BASIN  COORDINATING  CO^'MITTEE  DETROIT  MI  F/G  8/6 

grand  river  basin  MICHIGAN,  COMPREHENSIVE  WATER  RESOURCES  STUDY — ETC(U) 
AUG  73 


3 OF^ 

ADA0439e6 


1 


\ 

I 


- — ^ 


"^ab  I e M -25  (Con  *■ ' d) 

Industries  with  Seoarate  Ou+falls 
by  Type  of  I ndustry 

Food  process ing  (Con+'c) 

'•(ilk  processing  (butter,  fluid  rr.ilk,  condensed  nilk,  dried 
r'lk,  whey  powder,  rrilk  chemicals,  ice  cream  mix,  etc.) 

Michigan  '.'ilk  Producers  Association  j 

uvi  d 

Carnation  Milk  Com.pany 

Sheridan  j 

i-1eat  packing  and  allied  industries  (meat,  poultry,  fish,  j 

animal  and  pet  food)  j 

j 

tiuggs  Brother  Lockers  i 

S*.  Johns  • 

Store-A-Way,  Inc. 

DeVi  i tt  j 

* 

U.  S.  Department  of  Agriculture  Research  i 

Center  > 

East  Lansing  . 

Ada  Beef  | 

Ada  J 

Allendale  Packing  Company  j 

A I I enda  le  1 

Miscellaneous  Foods  (baking,  soft  drinks,  vegetable  oils,  j 

margarine,  shortening,  candv,  sugar  refining,  specialty  | 

foods,  potato  pancakes)  1 

Indian  Summer,  Inc.  ^ 

Be  I ding  ) 

Petroleum  and  petrochemicals  j 

Oil  refining  and  petrochemicals  (fuels,  lube  oils,  etc.,  j 

solvents,  aromatics,  I.  p.  gases,  chemical  i ntermedi ates ) ) 

Crystal  Refining  Company  ; 

Crystal  i 
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Table  I l-?b  (Cont'd) 
Industries  with  Separate  Outfa I Is 
t.y  Type  oT  Industry 

Chemical  specialties 

Soaps  and  detergents 

Amwav  Corporation 
Ada 

^Teta  I working,  plating  and  finishing 

Hancock  Industries,  Inc. 

Elsie 

Automotive  (automobiles.  Darts,  accessories) 
Olds  Di  V i s i on 

'eneral  Motors  Corooration 
Delta  Township 

Olds  Forge  Division 
Genera)  Motors  Corporation 
bans i ng 

John  Beam  Corporation 
L ans i ng 

Lyons  Trim 

Chrysler  Corporation 
Lyons 

Hastings  Manufacturing  Company 
Hasti ngs 

Diesel  Equipment  Division 
General  Motors  Corporation 
Wyomi ng 

Plant  No.  2 

General  Motors  Corporation 
Grand  Rap i ds 

Federal  Mogul  Corporation 
Greenvi  I le 
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Table  11-25  (Con+'d) 

Industries  with  Seoi'inatn  Outfalls 
by  f ype  of  I ndus  t ry 

'•■e't’.il  working,  plating  and  finishinn  (Con+'d) 

Plating  and  anodizing  (chromiurr,  nickel,  cooper,  zitic, 
precious  metals)  - job  plating 

Federal  Mogul  Corp-ration 
St.  Johns 

American  Anodco  Corporation 
Ionia 

Uti lex  Division 

Hoover  rial  i anu  Heari  nn  Cor^pany 
Fow I crv i I 1 e 

Keeler  Brass  Company 
Mi ddlevi  I le 

Ace  Plating  Company 
Grand  R<ap  i ds 

Attwood  Corporation 
Lowe  I I 

Grand  Rapids  Brass  Company 
Wyomi nq 

Jervis  Corporation 
Grandv i I I e 

Knape  Industries,  Inc. 

Rock  ford 

Nelson  Met.al  'Products 

Division  of  Midland  Ross  Corporation 

Grandv i I le 

A.  S.  P.  Manufactur i nq  Company 
Grand  Haven 

Grand  tiavon  Brass  Company 
Grand  Haven 

Leigh  Products,  Inc. 

Coopervi I le 
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r.ibl"  ll-?‘3  (Cont'd) 
Industries  .vith  '‘eporfite  0;;1  < ills 
by  Ivne  .f  Intustrv 


i 

1 


MoI’jI  working,  pl.ilirKi  ,md  finishing  (Coni'd) 

Forming,  st>irrpin;  ,ind  finishirig  (extrusions,  wire,  shupcs, 
bondnriging,  piintina,  tubes,  pises,  forginos) 

Ashley  Corporation 

Ash  I pv  1 

Clark  bquiprricnf  Compariy  | 

Jackson  I 

Lefere  Forge  and  f'ach  i no  Compnny  < 

Jackson  ! 

Pittsburgh  forging  Companv  j 

Jackson  | 

Hastings  Aluminum  Products,  Inc. 

tias  tings  j 

f-xtruded  N'etal  Division  ! 

Detroit  Gasket  and  Manufacturing  Company  | 

Sfolding  j 

. 1 

Universal  Mefal  Products  i 

Saranac 

Reynolds  Aluminum  Corporation 
Wyomi ng 

I'tuillenge  Porcelain 
'r-gnd  Haven 

t and  Haven  Stamped  Products  Company 
Grand  Haven 

Ohiburg  Mach  i ne  Company  ■ 

Grand  Haven 

Mi  see  I I aneous  mefal  industries  (foundries,  tiardw.irc,  eU  .) 

i . W . i;  I i 55 
Has  t i ngs 

Hi sse  II,  Inc. 

Wa I ker 

Gparta  Foiindr'y  Gorripany 
Spar  fa 
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r inn  i PC  jnd  rcnjf't  i rv,; 


1 it)  lo  I 1 -.  ‘i  (('.ont ' ft) 

1 1 1 i 05  with  ')('p  jr.i  t o 'it'-illi 
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' I ) ’-'ur  i c i r '!  I . '"t.  r r < i . 

• " '^.ni  ;r'i!  s>'‘v.:!';:e 

I "'r  r . 

• ‘ ^ i:  • ' " ‘ i r 1 1 -•  w !^e  ‘ ' ■ ; ' ■ • ; ■ • ■ < 

"•'p-r-  -r  no  1 pr-”  .j'  . * •"  * - • . r-  , 

'rrer;+’'er*  ( '".o  I ' i -no  ?>  .'lie  :i  ■ r 

trpatr'enf  (r’iniary  -reatrn'n*  r I os  ‘ilir;‘i  ,n  .r  j . rtr.n  i . " / ,r 

"jni.-'cal  sewF-race  hnvino  yo-  • ■ r^r ' I i ■ ^ 

r. ”  p :T-  i ■ 5 • ■ ■ ' r i Hi  ie  ^ . 

C?!  n H ',.5 Trial.  I ndust  r i es  a ' tCi  sc-::  :'  : ■ ■ ■ -''s  • 

anr ' "3H<- i ,1  I'i.OOO  Doun.is  of  F.O''^  dai  Iv  ' r'-r!  o]  jc.^ 

b;  ' . "i'  ■'  :•  ju3*Tial  waste  sources  In  the  r-rand  i- ' ■■  f,-- 

Tab i e I 1-25. 

( 3i  ''hired  Sewers.  It  has  hem  esTi'-  jl.  mm'  ; . ar  ? I - . 
i.'.aien-'-  ■ ‘r,!.-.'  to  five  nercpst  of  all  un'reater;  w a;- wtti_-r  - I 
-oh  I no;  rower  ..'stens,  is  annual  Iv  discharaed  to  s-'ro-'r  - r.  - c/. 
due  ■ *‘e  f i ‘ that  the  sludae  deoosited  in  the  sev.m  c ’0  Mu. tod  'U1  bv 

■he  '.arr-  M . 

' the  -17  corr-un  i t i es  with  nublic  sewer  syhte"5  in  *‘'f  area  ly 
ab>iut  eijht  h jvp  -nrolete'y  seoarate  sewer  systers.  The  'yr’OS  • sewe'- 

s.  stems  of  the  "■  riunicipal  waste  sources  are  listed  I-  H '■  ' ' -2h  . 

TABLE  I I -25 

Types  of  Municipal  Sewer  Svster-s 
Major  Municipal  Waste  5our~os 


Municipal ity  Type  of  Sewer  System 


Jackson 

Comb i ned 

East  Lansinq 

Separate 

and 

Comb i ned 

Lansi nq 

Separate 

and 

Comb i ned 

Grand  Ledqe 

Separate 

and 

Comb i ned 

Saint  Johns 

Separate 

and 

(.iomb  i ned 

Hasti nqs 

Separate 

and 

Combi  nod 

Greenvi 1 le 

Separate 

ind 

Lonbi  i)t  0 

Ionia 

Separate 

and 

Comb i ned 

Grand  Rapids 

Separate 

and 

Comb i ned 

Grand  Haven 

Sep  into 

and 

, ;omt  incd 
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I**)  Stcar-  ^owor  P Lints.  T‘u;rr"il  r!  i "jCrarrR'j  f ror  twr  steam  r.i-rf.r.-j, 
stations  at  Lansinc  arc  part  i cu  I .ir  I y s i en  i f i cart  from  a waic-r  cu.ili+/  si;'-':- 
point.  The  t-ompera  tures  r‘  rr-portr-e  by  the  "ichiciin  .la*cr  ‘ cscl^  c c 

Commission  *»ere  ''eai^utc-a  rri''r  tc  i ns't'a  I I <;t  ion  of  acfclitional  nencrat  i r-  ; 
capacity  at  Larsin'-.  ."less  control  mc.isuroG  arc  taken,  ■fo'^rerdturc 

sTandards  ter  fish  ana  jpuatic  life  will  not  hr  Ot;  i r ta  i not: . 

( h ) '■  '.r  i cu  I t jrc  arc  L.inc  • uneff. 

(a)  ■ or  T i I i por . !5''lrr;tes  o"  f -or  p i I i zor  uSC  i r t"  c 'rand 

f'i  ver  basin  ore  tn,.-;  -p ; r x i rotel  y ll.tDn  tens  o'  "'l"rc-tn  ar,  . ir-r-^ 

of  phcsnh.ate  were  used  i " ITi''^  -pw,  am  I i co  t ion  of  t'^esr,  are  prc'cctrd  to 
increase  by  2£^"'  any  I • I respectively  bv  2^20. 

Curire  l9to  anc  nf4  the  Tpdoral  Water  u.a  I i ty  /'■dr  i n i st  rat  icn 
conducted  a rural  I .arc  ruroff  sarplin-  study  to  .assess  the  relative-  anourts 
CT  phosphorus  ar.t  r*he-r  subst.ancr-s  transrorted  tr  strrvars  by  rural  rune** 

:n  the  L.:ke  "ichican  .jtorshed . based  upon  the  results  f)f  This  study,  i r 
is  optimeated  'I'hat  tPerc  is  an  annual  total  soluble  pnosphorus  ruroff  from 
rural  land  of  about  1 rounds  per  year  in  thr  ^rand  H vnr  basin, 

Ls  + imates  of  ■me  fr,  r a I ampcnc  of  phosphorus  discnarrrd  tc  l.ai-r  "i -phi can 
from  the  brand  i ver  basin  arc  s' own  in  Ta'^'lc  I I -.7. 

(r  ) Insecticides  and  herbicides.  Testicide  cont.ari  nation 
is  ' ratter  o'*  orowinc  concern  in  sore  streams  and  surface  ■.•■ater''-.  + i i .-q- 

arf  used  extensively  ir  ar:r  i cu  I +ure  tc  permit  efficient  production.  I'rban 
areas  also  use  i nlfic.anr  amourts  in  Dutch  Elm  disease  and  vector  control 
proarars.  Even  tne  rur.  ff  from  individual  lawns  .ind  o.ardcns  contributes 
sub  start  i a I I v tc  '^nr  .irountp.  of  pesticides  which  have  been  found  in  water. 

Ur  f rtus.a'^e  I '.  , +m.  rr  is  little  or  no  information  available  as  to  the 
.amounts  th-at  are  used  in  tne  basin. 

(c)  1 ed  i r ont . Sedimentation  from  erosion  c‘  lord  h.'.s  an 

urdesir.able  effect  upon  water  duality,  huant  i tat  i vc  I y it  is  t>'c  'reatest 
pollutarf.  .-.liter  runrff  causes  excessive  erosion  from  irpropr-elv  m.an  icrc 
anricultural  and  ♦ore:f..a  land,  i ros ion  ilso  occurs  on  such  nonarr i cu I tuna  I 
liin.;  use"  ds  ■ i -h'w.av  "ori-s,  : r i d'-r  enhankments  .ard  app  rc.ac  ncs , road  culverts. 
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pivinq  -r.ind  i‘.r. 

• tt'o  h.irt'.  r t! 
•_,pMKiqe,  dunn,)- 

..mi  ’ ) ''V  A !S te""  . 
pt':'  ■ 'US  r-'  I I ..t  ■ 

• ■ sh  .ind  aqu.r' 


' e'p  rest'''  *■■ 


. i dt’rab  1 o p'  ’ ' r * 


Aronq  f'.e  po"  1 ! I-  ..riirces  ^ pollution  iro  cano 
> V. '•'•n.  t'lla'.*  .sat'.r,  fuel  '.pill',  qarr>me,  .and 


I'O  ! n-'-  , ‘‘■h  ' 


•ht'se  wastes  . -e'  • 

p'  pof  ty,  re;' ■ ! r ' ■ I .-1  1 . 


■ ; ■ • ,d  . ' ' i a 1 water  -.ur  p ' ■ . 

I nt  reasoil  s i qni  f ' .".ant  Iv  sinre  “i  ' 


opening  .'f  t"o  in  19^-).  While  all  new  '.en  n,.,- 

since  l9tJ  speci ' i ..a  I K — .re  on  the  treat  Lakes  hive  been  ottrr.  J with 

. ocean-ncinc:  ships  leno-allv  have  ho  oroviPions 
rm  waste  Teatnen'.  ite  rl  ty  of  Ihese  ocean-ioinc  vessel-  are  jer  i pne.d 

pseharge  5anita--y  wastes  f r-r  r-iuitiple  ou+lets. 

The  rite.;  Wt.tes  Public  He.iith  bervire  has  rst.-ib  I i she-d 
.lat-  >ns  ;c-.e-r-,i  nc  ^.-psol  waste  disrharpes  in  the  Gre.it  l.akes  based 
,,  +po;,  i..;,^l  ro'^ponsibi  I i ty  for  the  interstate  control  of  ccr'"'un  i cat  I < ■ 

. Ppst'i  *e.;  .ireis  have  been  established  in  which  the  dis.-haroe  o. 

• w'i’.e,  or  Pallas^  or  bilge  water,  from  vessels  is  prohihifed.  Restricted 
r.v,s  include  the  water  within  a three  mile  radius  of  do-nosti  - water  intakes, 
•'.•ditional  ro'^trols  were  recormended  by  the  cor, te'-ee'--  to  the  Pour  State- 

Federal  biKO  N'ichiqan  Lnforcenent  Gonference. 

(b)  Recre.it  Iona  I Boats.  In  addition  to  corrr.e  rc  i . : 1 traffic, 

md  Haven  M.irbor  is  also  an  irportant  recreational  bo.itinq  center.  About 
d ,000  recre.at  Iona  I cra^t  annually  are  passed  throuah  the  opt  i m.  eridao 
which  joins  Ferrysbura  and  Spring  Lake.  There  are  numerous  nar in-.as  and 
boat  clubs  along  the  lower  part  of  the  Grand  River  . Many  of  the  larger 
recreational  cr.i^f  are  equipood  with  aalley  and  toilet  facilities  which 
nay  dischirgo  untre.ited  or  inadequately  treated  wastes  to  the  h.irbo,  or 
I ike  water:.  Oil  and  nasoMne  wastes,  as  well  as  garbaoe  and  sewage 
'^on  onboard  .-ookinq  and  toilet  facilities,  are  the  mjor  potential  sources 
of  pollution.  The  State  of  Michiqan  has  recently  adopted  rules  .ird 
requi.itions  to  control  pollution  from  this  source. 


■ 1 t ; i 


■ r ^pe  on  the  .'reat  Lakes  hive  beer,  ec  .'rp'd  v.i  *■’. 
ocean-qi'inc  ships  leno’cillv  hav>*‘  no  provisions 
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( . '"PJy  i nn . in  ; I nn  i 'j  Jr  r'o  ;</  ’■  •'•■.; 

St.jtti.-  Ar'-v  . .'rps  of  Frii^  i neers  +0  maint.iin  i .j  ’ i .-oa  '’avi;;.i+^  ■ •-  ; •■ 

in  "rancJ  f.ivpn  Harbor'.  Predqed  rateriils  aro  disposed  r -f  in  denp 
A i^ers  - ■ Lake  i .'h  i nan  . 

.'.j'-'r  lual'tv  surseys  'nade  ' bv  Lhe  ‘‘n  ■' 

-■'d"~i  n i 5 *■ '"ad  i on  shewed  significant  evidence  of  p-'l  I - .'  ;■ 

bo  ' ''r-  depos  i +s  of  C-ranri  Haven  Mt'b'i.  r*  : p-  ■ ‘ 

"ifei'al  _ake  '-'ichioan  \ i a the  i’-ej;'--;  p'-oc  ■ - .• 

P'r^.  <■  p.  ■ ! I ■ Qf!  Ip  lake. 

Under  Section  125(a)  of  the  River  and  Harbor  ",.:t  o'  19  70  (^jbli 
^jw  '91 -oil),  the  Oorps  of  Engineers  is  authorised  to  constra.t,  cporj-ff, 
and  maintain  contained  spoil  disposal  facil'.ios  of  vaffi  .iert  -..ipari’v  * 
a period  not  to  exceed  ten  years,  to  meet  requirements  JeS'SribeJ  in  ec;i 
I25.  Prior  to  establishing  each  such  facility,  the  Corps  shall  obtain  th 
concurrence  of  appropriate  local  governments  and  shall  consider  the  vi*>,v- 
and  recon-iendatl  ons  of  the  U.  S.  Environmental  Protection  ^ae-  v rnd  sn  : I 
corrply  with  the  requirements  set  forth  in  Section  Cl  f th»^  ,',ater 

‘Pollution  Control  Act  (Putlic  Law  Sd-660  as  amended),  and  -.I'li'-al 

Env i ronmenta I Policy  Act  (Public  Law  91-190). 

c.  Sources  of  Phosphorus. 

(I)  'rinsper-*  to  s + reams  and  lakes  ‘ rc”'  ^ural  i.-nd-..  ,, 

amount  of  scl  .Lie  phosphorus  reach  i no  streams  •' rom  lard  ‘he 

Grand  River  b is  i n , as  est'mated  f ror^i  samples  taken  on  eCsh'  c ' I ••  ■•- 

sheds,  as  previouslv  discussed,  is  about  100,000  pix.nds  in'-i.all,. 

Althouqh  there  ar'o  many  factors  which  affect  phosphorus  ent  ri  :>.i  t i r 
from  rural  ir-^  <■  , ■ n,- 1 ud  i nq  mopheds  of  applvinn  fer*il'.-e’  , "..a"f  i ‘ ' r- 
applied,  type  't  soil,  topography,  rainfall,  land  use  p’  ictiv-en. 
coven,  It  is  believed  fhat  the  results  v'^btained  are  reisonablv  nep 
of  the  Grand  River  basin. 
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(?)  ^’un  ? ci ra I Sourcps . Domestic  sewage  is  relatively  riot  ir 
phosphorus  rompoun  Js . " 'St  of  this  phosnhorus  rones  .y  .-n  excreta 

and  svntnpti-  detergents.  The  ariount  of  ptiosphorus  release']  ts/  *- 
metabolic  processes  is  i ‘unction  of  protein  intake  and  itie  ja  rase 
person  in  trie  hni'-ed  States,  this  release  is  considered  to  be  about 
grarrs  per  day.  Synthetic  detergent  formulations  contain  large  ar^ounts 
phosphorus.  It  is  estimated  that  2.5  prams  of  phosphorus  per  capita- 
day  are  discharged  to  sewer  systems  as  a result  of  the  use  n,f  sy+hotic 
detergents . 

..hen  the  aoovs  per  capita  fi''uro5  for  phosphoru<  ' P'- ' " , ny  ; 

:n-:  deter  :rrtj  arc  Crxrandr  ; to  cover  the  entire  sewered  rcr.^l,.:irr  p". 

r;n-!  r | ^or  h,.jsin,  ■‘■ho  'tyrniity  necoms  gui  te  laroe.  nata  f rrr  ,-/c-d  to 
i "vrtntcr  i cs  -,now  tt.at  5*^,  POO  people  were  served  hy  sower  sys'lr-'-i  in  the 
l]>ih  i ■'  I-;,  I *■  is  e.t  i’  utcd  thjt  a total  ol  Ji'.prox  inatc  I y l,r"",'-" 
rounds  of  soluble  phosphoru'"  t rorr,  hurians  and  deternents  are  il  I ic*- ar tc  to 
]‘ ■ ..  :tcr..  '1  ‘ thr  Basin  f'acn  year. 

(3)  Tributar'v  "cuth  Sanplinr.  In  addition  to  f-'r  I inci  runr^f 
-•a'^-p  I ins  from  the  eight  small  sub-basins  discussed  obew,  sar;  I i r : stations 
were  cST'!'  I i shed  at  th€‘  mouth  of  the  ''rand  •'  iver.  These  stations  '.-/rrc 
sa’^'lcd  i nterm  i ■‘•■‘ent  I V ‘or  one  year  durina  the  same  period  in  '.diich  the 
land  rupo'f  stations  were  sanplod. 

Tanplin-  at  the  r.cuth  made  it  possible  to  estimete  the  total 
rho-,rhoric  load  rcuchin'  Lake  "ichinan  through  the  "rand  '"iver.  I ■;  was 
det.,rrirtcd  that  the  Pivor  discharges  648,600  pounds  of  phosphorus  to  the 
I ..'kc  annua  I I y . 


I 


I 
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SrCT ION  I 1 ! 
PLAN  A 


1 . SUMMARY  OF  PLAN  A 

Plan  A Includes  waste  troatnent  facilities  adeauato  to  permit  attai'''- 
ment  of  the  water  quality  standards  adopted  by  the  State  of  Michinan;  pre- 
seryation  of  strearis  and  related  land  throuoh  the  estab i sh'nent  of  ".'illev 
preserves”:  forty-two  watershed  development  proqrams  (fourteen  of  tnc';-  ^ith 
potential  tor  early  action,  and  twentv-eiaht  with  potential  for  futur’-> 
development);  improvements  for  both  commercial  and  recreational  navicji+i-n; 
local  flood  protection;  *wo  multiple-purpose  reservoir  complexes  of  thr..e 
pools  each,  on  the  Upper  Grand  River  and  the  Red  Cedar  River,  bo-h  up  t ro  )-■ 
from  Lansinq;  fourteen  other  mu  1 1 i p I e-purpose  impoundments,  ''■ost  >'  w”i  ‘ 
are  small  impoundments  to  serve  recreation  rnd  fish  and  wildlife  needs: 
accelerated  land  treatment  for  431  ,.'’00  acres  of  crop,  pasture,  ana  ‘ ■‘■,-.-.t 
lands;  and  other  non-structur u | proarams  to  serve  :h,.  needs  o-*  the  pet>ple 
of  the  basin. 

Provision  for  hiqh  levels  of  -waste  treatmen-*  th ri''jqh,iut  the  br-in  is 
the  primary  and  hiqhest  priority  recommendat  ion  of  the  Coor-t  i nat  i nq  'c.mmlttee. 
The  success  of  the  other  elements  of  the  plan  depends  upon,  and  in  fact  is 
explicitv  predicated  upon,  the  achievement  of  the  w iter  quality  ■■tanda'  t'- 
adopted  by  both  the  Federal  government  and  the  State  ot  ‘Ai.^'iqan. 

It  is  recommended  that  i mp  I emen  t it  i on  of  features  me  stru-  tural 
plan  other  than  waste  collections,  treatment,  and  disposal,  depender*  <m 
prior  achievement  of  relevant  State  water  quality  standards. 

2.  WASTE  COLLECTION,  FREATMENr,  AND  DISPOSAL. 

a.  Water  Quality  Standards.  Water  quality  standards  relevant  to  this 
study  are:  (I)  standards  established  bv  the  State  oi  Michiqan  for  the  intra- 

state Grand  River  and  its  tributaries;  and  (2)  Federa I -Sta te  standard,  for 
Lake  Michiqan  (an  interstate  body  of  water)  established  pursuant  to  the 
Federal  Water  Pollution  Control  Act  of  I'tfSS.  Althouqh  it  is  not  mand.itory 
that  the  State  of  Michiqan  standards  tor  the  Grand  River  and.,  tri  hutaries  be 
apbroved  by  the  Federal  government,  they  have  nevertheless  been  accented  bv 
mutual  aqreoment  as  defining  the  obioctives  of  the  water  quality  enhancement 
proqram  reciimmenvle.;  bv  this  study. 
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I 


I ^ • Stnte  ot  "ichinan  Wj-tor  '''Uality  Standards  for  the  ''rand  vcr 

s ana  tributaries.  The  water  r;uality  standards  pror.uloated  by  the  "ichisan 

.vater  t'esources  Comrission  for  the  ^rand  ^iver  and  tributaries  are  as 
1 fol lows ; 

Water  Supply 

( I ) 1 I ex  i s t i nc  pub  I i c water  s upp  I y i n takes  i n norma  I daily  use  w i I I be 

: r--^rected  for- Domestic  VJater  Supply  at  the  point  of  intake.  The  fol  low  inn 
i w. iters  •.■;il|  be  protected  for  Domestic  Water  Supply: 

'rand  Piver  at  ^rand  Papids 

’ Rogue  river  at  Pockford 

(.')  ''•II  public  waters  will  be  protected  for  Industrial  Water  Supply. 

recreation 

(I)  All  natural  lakes  will  be  protected  for  Total  Body  Contact,  ''^he 
I follcwinn  irpoundrents  will  he  protected  for  Total  Body  Contact: 


I I I-? 


Name 

Water  Impounded 
or  Used  for  Total 
Body  Contact 

(!bunty 

Area  to  be 
Protected 

Ada  Lake 

Thornapp le  River 

Kent 

From  head  of  Ada  Dam 

Cascade  Lake 

Thornapp le  River 

Kent 

Upstream  to  headwaters 
of  Cascade  Lake  (48th 
Street ) 

Fa  1 1 asberg  Dam 

Flat  River 

Kent 

Grand  River 

Grand  River 

Ottawa 

Eastmanvi 1 le  downstream 
to  1 GOth  Avenue 

Grand  River 

Grand  River 

Kent 

Plainfield  Road  Bridge 
downstream  to  lower 
limits  of  (Comstock 
Riverside  Park 

Ionia  Recrea- 
tion Area 

Sessions  Creek 

Ionia 

T6N,  R3W,  NW  1/4  of 
Sec.  3 downstreami  to 
dam 

Lake  Geneva 

Lookingglass  River 
(not  impounded! 

Cl i nton 

Lake  LeAnn 

Grand  River 

Hi  1 1 sda 1 e 

Lake  Victoria 

Alder  Creek 

Cl i nton 

Man i toon  Lake 

Unnamed  Creek 

Sh i awassee 

Moore's  Park 
1 mpoundment 

Grand  River 

1 ngham 

Waver ly  Rd . downstream 
to  dam 

Sleepy  Hoi  low 
Reservo i r 

Maple  River 

Cl  1 nton 

Jason  Rd.  downstream 
to  dam 

Spr i ngbrook 
Lake 

Springbrook  Ck. 

Sh i awassee 

Thornapp 1 e 
Lake 

Thornapple  River 

Barry 

Webber  Dam 
Impoundment 

Grand  River 

(5ood  win  Rd . 

Downstream  to  dam 

There  are  certain  waters  which,  due  to  physical  hazards,  have  not 
been  designated  for  total  body  contact.  If  these  waters  in  the  future 
become  suitable  for  this  use  through  removal  of  these  hazards  the  waters 
will  be  reconsidered  for  total  body  contact  use. 

(2)  All  public  waters  will  be  protected  for  Partial  Body  Contact. 


III--. 


Fish,  Wildlife,  jrid  Ofher  Aqujtic  lift? 


The  Michig.in  Uepjrtmt'nf  of  Nofurol  Kesources  h<is  recotTiended  to  the 
Mi.higjn  Woter  Resources  Commission  severul  rt'oches  of  stre.ims  in  the 
Grand  ‘■'iver  basin  for  watt'r  quality  designations.  Ihis  list  of  streams 
and  the  readies  of  each  are  described  in  paragraph  2o,  I i sh  and  Wildlife, 
of  Section  V herein. 


Agr i cu I tu ra I 

All  public  waters  will  be  protected  for  Agr icu I tu re . 

Tht)  above  designated  uses  are  not  intended  to  be  applicable  to 
drainage  ditches.  Flowever,  Act  245  of  the  Public  Acts  of  1929,  as 
.imended,  prohibits  unlawful  pollution  of  any  waters  of  the  State  of  Michigan. 

It  is  the  po)icy  of  the  Michigan  Water  Resources  C'ommission  to 
abate  existing  pollution  and  to  prevent  future  pollution  in  all  waters 
of  the  State,  including  drainage  ditches. 

There  are  stretches  of  streams  within  the  Grand  River  drainage 
area  where  natural  water  quality  may  at  times  be  lower  than  certain 
parameters  of  water  quality  standards  specified  for  a designated  use. 

Itowever,  it  is  intended  that  the  water  quality  for  a designated  use  be 
maintained  except  in  those  instances  where  because  of  natural  conditions 
the  quality  is  lowered. 

The  water  quality  standards  for  the  designated  use  areas  shall 
not  apply  during  periods  of  auttiorized  dredging  for  navigation  purposes 
and  during  such  periods  of  time  when  the  after-effects  of  dredging  degrade 
water  quality  in  areas  affected  by  dredging.  (Water  quality  standards  for  the 
d"si(in.]ted  use  shal  I appiv  in  areas  utilized  for  the  disposal  of  spoil  f r(^m 
ilredging  operations). 


ill-4 


Vi'Mcre  the  w.'iterh  of  the  <"riind  ^’ivor  i.jsin  arc  c I .)3f- i f i c;c  ijrdrr  "f-ri..  f‘  ,ip 
one  dosionated  water  use,  it  is  intended  that  th('  r-(  <■  t rc'.fi  ii.:riv(  i ntr  i v i d- ■ / 
standards  of  the  dc'sionatcd  water  uses  sh,!ll  t'o  idherod  to. 

The  use  dos  i cnot  ions  odopted  by  the  "irhi^'an  .vatrr  l esources  OP''ni  .-.i  m 
arc  in  all  cases  rr.iniral  and  are  not  to  hr  i ntrrr  rrted  as  a I iernse  to  caase 
injuries  declared  to  bo  unlawful  by  /'ct  .■''T'i,  t ub  I i c '"cf  |snn^  a^,  arendre,  or 
to  do  any  other  unlawful  act. 

The  Tolerant  'ish,  warn-watcr  species  use  dos  i 'na  t ion  will  p I y ■-  r I / 
until  January  I97'5,  by  v.'hich  tire  the  waste  disiosal  situitif-ns  irvolvta  viti 
have  been  nfaced  befom  the  ‘Michigan  •'■'.ifiyr  '^nsourct?  ■ r.v')oission  for  oritio  il 
rocorsi  leration,  with  i \iew  toward  fte  application  of  hiahor  lualifv  ]■  o 

des  i mat  i ons  . ‘ 

c . Interstate  Water  daatlty  Standards  Irnpact  tor  Tf^ibutaries  to  Lake  i: 

Michigan,  water  quality  control  planning  in  the  Grand  Kiver  Basin  must  consider  I 

both  Intrabdsin  requirements  end  the  effects  of  the  Grand  River  on  Lake  Michigan  ; 

and  downstream  waters.  Not  only  have  interstate  standards  been  established  for  j 

Lake  "ichi  an,  but  there  is  an  en.-oinr  mdci'al-  * enf orcemen ‘ acti  r-  ■ r 

the  Lake  ..Tid  it.  tritutary  basin.  /'■priicaklo  rrovisiens  o‘  fhc  i ntor i a’ e stir-  | 

dards  and  their  liss.ociatcd  i r p I ('rrnta  I ion  :l,>n  , ,'r-  'ill  Ti  inifi.il  and  su’- ;r-  ' 

■ uent  actions  of  conferees  atu:  the  Socret..’iry  o‘  the  Inferior  in  !hr  on  f orocf  < • | 

p roceed  i nos , are  I'indin-.  upon  a v.Mtr'r  lualitv  contr'ol  rrn.-rar  for  fic  ' r rs;  i 

' i ver  oasin.  i! 

d,  "unicipal  ..'asfe  Trcatr-en*  fjecds.  The  irri'di.iU  'o  1 1 in  bn.  | 

i.enf  c'  runicif.il  -.'astes  is  tni'  prcvisic'n  o*  biolocioal  (secondary)  treatr-or.t  ' 

or  its  cduivilcrt  .if  each  .-.MSfe  treitrirf  rinnf.  Suet  trc.ilrrnl  is  th.-  rir,i-,jr  I 

con  .‘aoro<‘  ideouate  in  terr-.,  of  present  teohnoloov.  Tho,  need  is  r i "ec  i .1 1 I 
i'j.  rt.int  in  those  areas  w.ere  cons  i derati  on  is  bein'  -ivi'r  h |.  ■.  flow 
augmentation  to  assist  in  maintainin';  water  -luility  standards.  ■' writ,  t a ; ii.  r 
Cannot  ‘'o  considered  as  a substitute  t?  r second.ir/  treatrini. 

There  is  a rroerar  undorway  tc  incro,)so  tr;l.!l  t ht'st  fioru-.  rr''a.v.''l  ;o 
it  least  80'"  as  recommended  hy  thf;  redor.il  (nforoerort  ' ntpronco  on 

the  !' 1 1 I ut  ir)n  of  Lake  "ichioan  ,ind  its  Tributary  iiasin.  fill  runir'is'l  v.iste 
treatrent  facilities  in  ''ichi'-an  are  reujired  to  provide  vMsfo  d i i r ‘ r'o  f i 'n 
on  a year  around  basis. 
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'S  t-iAM  M»<(S  MKm 

Bv  I iN’Ii 

S A*i  - ’'i|  IPAU’Mls'  >t  ‘Ml  ‘I.A’ 

I ’ . 'W  Hi  ' AHI  . IH  t-(  |M(  ‘ t ' 

• *■■..»  Akt  Ht;S  HA  I 1»  Sikm  iiA'ik  , IB 

' B,  * ’ ; ’ ‘.*.■>1  » , »;i  p AS,  ha.  . i ;», 

fISM-  <U  IS  Hll'i.'Si*  At(|  U;i.  »6  aNfU«|i> 
•HtU'S.iS  ■ Ai  ii.U  W't  Hi  MJ1A-..ISAHII 
I U-  'V'  «A'i  k‘  If  -•  Mb, AS 
' 'AV  Ak 


WATKK  QUALITY  STANDARDS 


TOXIC  a 

DELETERIOUS 

SUBSTANCES 


RESIDUES 


DISSOLVED 

OXYGEN 


SUSPENDED  , 
COLLOIDAL  a 
SETTLEABLE 
MATERIALS 


COLIFORM 

GROUP 


Dtbn«  ond 
mat^nol  of 
urinoiural  ongm 
dnd  oHi  ) 


( Ofgort'tnsf  / lOO 
or  MPN  ) 


WATER  SUPPLY 


in  ooMtsTic 


S’jsh  a%  iJfinAing, 
^ jitno'  1 Ofid 
food  P'OC6l»'ng 


12)  PARTIAL  BODY 
CONTACT 


Such  os  fisbing. 
bun  >tng  . opp»ng 
and  booting. 


FISH,  WILDLIFE 
AND  OTHER 
AQUATIC  LIFE 


Such  (!•  gcowfh 
ond  propagation 


AGRICULTURAL 


Such  os  ii«sstoch 
«0(«r  mg  , if  ngo 
tion  end 
sproying 


COMMERCIAL 
AND  OTHER 

Socb  os  notrigotion 
bydro«l«cfMC  ond 
stsom  Qsnsrotsd 
• i«rtfic  powsr  and 
usst  not  mcludtd 


There  ere  forty  hevrn  runici('hl  trt',i  trijrt  rl.-nt';  ir  the  ''r.ir.t', 

' i v€'r  h^sir. , listed  in  Tiih  I c MI-5. 

e.  Industrial  Waste  Treatment  Needs.  T* e r . ior  industries  wits 
seh.iratc  waste  outfalls  were  listed  in  TatMe  M-;'5.  The  ev;uivalent  of  secondary 
.v.iste  treatrent  is  the  rlninun  decree  of  treatrent  rceuire<i. 

f.  Combined  Sewt.’r  Overt  lov<  Control.  The  need  *or  solutions  to  i^e 

prohlers  caused  by  overflows  from  combined  sewer  systers  is  press i no  and  is 
receivino  much  current  attention.  The  Water  Tuality  of  I'hfs  cstablistied 

a four-year  proorar-  of  gr.Hits  and  contract  authority  to  dcimonstratc  new  or 
irproved  methods  to  eradicate  the  problems  of  combined  sewer  overflows. 

.‘..h  i I e econom  i ca  I I V feasible  rethods  solvino  the  problems  are  bein-’ 
developed,  existino  combined  sewer  systems  should  he  patrolled  and  overflow 
renulatine  structures  should  be  adjusted  to  convov  tho  r-axirur  praotioable 
amount  of  combined  flows  to  and  throucih  waste  tneatren-t  facilities,  rorf'ined 
sewers  should  be  roohibited  in  all  newly  developed  urbear  areas  and  should  be 
'.eparated  in  coordination  with  urban  renewal  projects. 

q.  F 1 ant  Operat i on . r'ropor  plant  operation  pust  follow  proper  riant 
dcsion  in  order  to  reach  the  coals  of  water  nollution  control  of f i c i ent I . The 
importance  and  value  of  proper  plant  operation  rust  t'c  erphasireci  at  all  levels 
of  public  authority,  [ffective  operation  can  bo  encouraned  bv  means  of  ,a 
routine  inspection  prooram.  Inspections  should  be  conducted  by  the  appropriate 
rtate  anenev  on  at  least  ,in  annual  basis  for  the  small  and  medium-sized  plant:', 
and  at  least  twice  a year  for  the  large  plants. 

The  "ichioan  of  Health  administers  a rr^andatorv  sewanc 

treatment  plant  operators'  certification  prooram.  State-sponsored 
operator  trainino  proorams  are  also  a useful  tool  for  elevatinr  the 
level  of  overall  plant  performance.  Today,  with  increasirK^  activitv  in 
the  field  of  water  pollution  control  at  the  Tederal,  State,  and  local 
levels,  operator  trainino  courses  should  be  conducted  at  least  annually, 
ihe  "ichioan  prooram,  consistino  of  annual  trainino  on  a reoional  basis, 
com, pares  favorably  with  ftie  trainino  p'-oorams  sponsored  hv  cl  hop  .■States . 
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CURRENT  MUNICIPAL  WASTEWATER 
TREATMENT  WORKS 


Commun i ty 

County 

Popu 1 at i on 

Plant  Type 

Ada  Twp. 

Kent 

Lagoon 

Bel  ding 

Ionia 

5,000 

Lagoons 

Carson  City 

Montca 1 m 

1 ,201 

Aerated 
1 agoons 

Cedar  Springs 

Kent 

1 ,768 

Lagoons 

Coopersv i 1 1 e 

Ottawa 

1 ,584 

Tr icki i ng 
f i 1 ter 

DeWi tt 

Cl  i nton 

1 ,238 

Pr i mary 

Delhi  Twp. 

1 ngham 

5,000 

Primary 

Delta  Twp. 

Eaton 

Primary 

East  Lansing 

1 ngham 

37,800 

Activated  * 
s 1 udge 

Eaton  Rapids 

Eaton 

4 , 300 

Primary 

Ed mo re 

^Jontca  1 m 

1 ,234 

Lagoon 

Fow 1 er 

Cl  I nton 

854 

Tr ickI i nq 
f i 1 ter 

Fow 1 erv i 1 1 e 

Li  V i ngston 

1 ,674 

Lagoons 

Grand  Haven 

Ottawa 

1 1 ,700 

Pr i mary 

Grand  Ledge 

Eaton 

5,500 

Primary 

Grand  Rapids 

Kent 

220,300 

Activated  * 
s 1 udge 

Grandv i 1 1 e 

Kent 

8,500 

Activated 
s 1 udge 

Grant 

Newaygo 

732 

TrickI i ng 
f i 1 ter 

Greeny i 1 1 e 

Montca 1 m 

7,200 

Pr i many 

Hasti ngs 

Barry 

7,000 

Primary 

Ionia 

Ionia 

6,500 

Pr i mary 

Jackson 

Jackson 

48,500 

Acti vated 
s 1 udge 

Kent  City 

Kent 

617 

Lagoon 

Kent  Co. 
Byron  Center 

Kent 

Lagoons 

Kent  Co. 
Ai rport 

Kent 

5,000 

Lagoons 

Lans i ng 

1 ngham 

122,000 

Activated  * 
s 1 udge 

Les 1 ie 

1 ngham 

1 ,807 

Primary 

Lowel 1 

Kent 

2,600 

Septic  tank 

Mason 

1 ngham 

5,000 

Activated 
s 1 udge 
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T ,Mo  II)-''  c^ont'  ‘) 


Pammun i ty 

County 

r.p  4l  at  i.n 

la'  t 

'•li  Jd  1 ev  i 1 1 e 

Tiarry 

1 .1  '• 

'"4  fr  t.r 

Nljshv i i 1 e 

Barry 

1 ■ 

I r i . 

Ottawa  Co 
Grand  Va 1 1 ey 
State  College 

Ottawa 

Ottawa  Co. 
v.'riaht  T.  Marne 

Ottawa 

1 .j  : - -r 

Ov  i d 

Cl  i nton 

1 . - 

Port  1 and 

Ionia 

• r <r\ 

Po  tterv  lilt' 

Eaton 

1 . 

lag 

Rockford 

Kent 

,C'7.: 

: r ,:r-y 

Sand  Lake 

Kent 

400 

Lag'oor 

Saranac 

Ionia 

1,081 

/'orated 
1 aaoon 

Sparta 

Kent 

3,000 

Tr  i ■ 'k  1 1 ng 
f i 1 ter 

Spring  Lake 

Ottawa 

. ,0o3 

Imhoff  tan 

St.  Johns 

Cl i nton 

h , POO 

Tr (ck 1 i ng 
f i 1 ter 

Stanton 

Montca 1 m 

1,139 

Lagoon 

WebPervi  ! le 

1 ngham 

664 

Lagoon 

Wi  1 i iamston 

1 ngham 

? , 2 1 4 

F’rimary 

Wood  1 and 

Barry 

374 

Tr icki i ng 
f i 1 ter 

Wvomi ng 

Kent 

3?, 000 

TrickI i ng 
f i 1 tt?r 

* Plant  also  serves  one  or  more  other  communities. 
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T.ible  I 1 1--^ 

MICHIGAN  COMMUNITIES  SERVED  BY  OTHER 
WASTEWATER  TREATMENT  SYSTEMS 

Owner  of 


Commun i ty 

County 

Popu 1 at  ion 

Eac i 1 i ty 

Byron  Twp. 

Kent 

Wyomi ng 

(part) 

East  Grand  Rapids 

Kent 

11,500 

Grand  Rapids 

Gaines  Twp. 

Kent 

Wvom  i nri 

Grand  Rapids  Twp. 

Kent 

Grand  Rapids 

Kentwood 

Kent 

Grand  Rapids 

(part) 

Kentwood 

Kent 

Wyom  i ng 

(part ) 

Wa  1 ker 

Kent 

8,271 

Grand  Rapids 

i 
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Receiving  Type  cf  Roiluticn  Istir.ated  Jopuiation 
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■'onthly  operation  reports  should  continue  to  hr  suhrittca  to  the 
“icniean  .Vatcr  hQsourcos  Cf'mrissior  f ror  each  runicipal  and  Industrial  wasrc 
treatment  facility.  Tnesc  reports  should  contain  sufficient  inforratior  tc  descrihe 
waste  treatment  efficiency  and  the  duality  and  nuantitv  of  the  effluent 
discharned  to  the  waters  of  the  i;asin. 

h.  ’’oni tori  no.  The  maintenance  o<  drsirahle  water  rualitv  on  a 
continuinc;  basis  calls  for  a routine  monitorim  nro'-'rsr  coverinn  the  sinpifirir-i 
water  duality  parameters  at  stratccic  points. 

The  overall  men  i tori  no  prooram  should  be  desi''nr,d  to  iCrntifv  all  'wan  tee 
dlscharned  into  the  waters  of  the  F-’as  i n and  adjacent  v.  tters  o'-  Lake  "ichinan  an-' 
shculd  serve  to  indicate  trends  in  v;ater  nua  I i ty  and  ‘■n^;  reed  '■or  additional  ■.■•itfr 
dual  i tv  imerovoment  ncasurc/  . 

'''S  rant  of  an  overall  monitorin':  pro'-ri-in,  eff(  rls  .ire  ncecec  t'-  !sness 
th(’  r.roblems  associ'ited  with  land  use  practices  in  1he  ^rand  ' iver  i-asir.  T'-e 
use  and  monaccmerit  of  land  has  a profound  effect  on  water  s,j~,|ity.  Sediment 
rcsultinr  from-  erosion  processes  is  not  only  a rhysical  na| lutert  in  r+reams  :rc 
lakes,  but  also  rrcvidcs  transport  for  other  pollutants,  'cliabie  data  concernin' 
resficidc  and  fertilizer  arriicatior  rates  on  f:  yearly  and  seasonal  basis  in  eac*' 
county,  as  wel  I as  i nves t i n:a 1 1 on  and  studies  on  control  |od  feed  lot  crairarc 
throun'hout  the  basin,  would  be  helpful  in  identify  I no  prtential  'water  ouali+v 
problcn  areas. 

fourteen  local  oovcrnrental  units  started  a coorerativc  stream-  "-ciri- 
torinn  propram  in  June,  I968  under  the  sponsorship  of  the  ’'ichin-ar  ''rand  ‘'iver 
■'.'atershed  Council,  '"orty  one  stations  were  initially  selected  for  the  nrooram  . 

Lly  the  end  of  I970,  fifteen  povernnental  units  were  in  the  pronram  apd  the 
Copter  ot  E"n  V i ropnepta  I Studies,  Jacksop  Cemmupity  i^oiieoe  became  a coptributor. 

The  coptributors  were  samrlino  and  testinn  approximately  ICO  stream  and  lake 
locations . 

The  basic  prom-nm  is  nonitorinc  every  station,  once  a month  on  a 
0 i yen  day  n*  the  month  to  assure  a cor:p  rehers  i vr-  analysis  of  thebasi"  at  ere 
tire.  Lach  station  is  tested  for  temperature,  dissolved  oxynen,  b ic-chom i r.i  I 
oxyoen  der'anri,  chlorine,  and  the  hydrorer  ion.  t.pout  onc-n-ilt  the  stations  are 
also  tested  for  col  i form,  phesphate  and  nitrnr;en,  and  a tew  stations  .ire  te'  tf'd 
for  heavy  ''etais. 
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participants,  increase  the  number  of  pararrcters  bei nn  tested,  increase  +hc 
frequency  of  tests,  incorporate  flow  data  to  determine  •loadinc"  on  the  stream, 
and  to  inplerrent  automatic  monitorinn  connected  to  a centralized  storaee  center. 

i . The  State  of  ‘'ichiean  Water  rpMution  Confrol  Prneram. 

The  '‘ederal  Water  Pollution  Control  Act  recoonizes  the  primary  respons  ib  i I i tv 
of  the  States  in  the  control  and  prevention  of  water  pollution.  The 
effectiveness  of  a State  proeram,  however,  is  dependent  upon  adeouate  funds 
and  personnel. 

The  State  of  “ichiean  has  achieved  commendable  success  in  the 
control  of  water  pollution  with  the  staff  and  funds  available.  Mowevt.r, 
even  thouqh  much  has  been  accomplished  by  the  State  in  control  line  conditions, 
much  remains  yet  to  be  done.  In  (Pfu,  the  Public  Admi n i s trat i on  Service 
prepared  a survey  report  for  the  • ub  I i c I'ealth  Service  concern i no  the 
budnetinq  and  staffing  of  State  proorams.  This  reran  contains  suos'ested 
guidelines  for  use  in  evaluating  the  adequacy  of  State  water  pollution 
control  proqroms.  This  report  suggests  a minimum  total  staff  level  of 
110  persons  and  a desirable  total  staff  level  of  171. 


In  view  the  water  ooMution  control  problerts  still  existinq  in 


the  Basin,  consideration  should  be  given  to  an  accelerated  program'  to  mat-n 
the  needs  tor  clean  water  tor  all  legitimate  ases.  An  accelerated  '-tate  wate'" 
pollution  control  program  uti|i7inq  t,j||y  *-he  resources  and  programs  ■-,f  <-ne 
Federal  Water  Pollution  Control  Administration  will  ensure  the  earliest  possible 
accomplishment  ot  our  common  goal  - more  ettective  use  of  our  water  resources, 
t . tpe  Concept  of  a Valiev  Preserve. 

a.  Definition.  A valley  preserve  is  a nonstructur j | levice  ‘u 
managing  water  resources  through  the  preservation  of  flood  plain  I md  is  a qreen 
belt.  Where  needed  to  pro+ect  existing  structures  or  to  confer  other  benr>'‘ i , 
measures  such  as  levees,  flood  control  reservoirs,  and  channel  impr,.vemen  + 
may  be  recommended  in  conjunction  with  valley  preserve"-. 

The  concept  of  a valley  preserve  is  not  new,  bu+  the  con-cept  has 
typically  in  the  past  bee'^  applied  to  much  smal  ler  areas  than  the  : rand  River 
basin.  Typical  examples  of  small  valley  preserves  -ire  found  within  the  '-tate 
of  Michigan.  In  Wayne  County,  Rouge  Park  and  Hines  Drive  are  well  developed 
flood  plains  devoted  to  meeting  needs  of  the  Detroit  metropolitan  area.  Potter 
Park  on  the  Red  Cedar  River  in  Lansing  is  another  example  of  a small  valley 
preserve.  These  parks  have  very  h i qh  use  rates,  and  their  immediately  adi.acent 
areas  are  aesthetically  pleasant  with  high  quality  residential  units. 

Valley  preserves  could  be  managed  by  Federal,  State,  basin  water- 
shed council,  or  county  authority,  except  that  present  institutional  powers 
and  policies  would  need  to  be  changed. 

It  is  the  recommendation  of  Plan  A that  fhe  flood  plains  of  the 
Grand  River  be  managed  as  a valley  preserve  from  the  mouth  of  the  river  to 
the  proposed  Onondaga  dam,  and  that  portions  of  the  flood  p'ains  of  the 
Maple,  Roque,  Thorn-apple,  Flat,  Look  i ngg  I ass , and  Red  Cedar  rivers  and  Prairie, 
Crockery,  Sand,  Buck,  Plaster,  and  Sycamore  creeks  be  manaqed  as  valley  pre- 
serves. The  valley  preserves  would  consist  of  designated  areas  on  one  nr  both 
banks  of  a stream,  with  the  provision  that  continuity  be  maintained. 
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b.  Object! ves.  Designation  of  the  specific  areas  to  be  included 

within  the  vallev  preserves  would  be  guided  by  the  attempt  to  achieve  the  following 
principal  objectives:  (I)  the  preservation  of  ecologically  significant  areas 

worthy  of  preservation  in  their  natural  state;  (2)  the  management  of  areas 
capable  of  satisfying  personal  leisure-time  needs  for  outdoor  activities  such 

as  hunting,  fishing,  camping,  and  picnicking:  and  (3)  the  protection  of  areas 
wifhin  the  flood  plain  to  preclude  unwise  construction  of  buildings  subject 
to  f I ood  damage . 

Recreation:  Recreation  needs  are  diversified  such  that  the  size  of 

the  valley  preserye  developed  is  not  restrictive.  Large  areas  may  be  developed 
that  could  encompass  all  aspects  of  recreation,  while  only  a few  acres  are 
necessary  to  develop  a single  use  such  as  a roadside  park,  or  where  the 
topography  is  suitable,  to  develop  a ski  or  sled  slide. 

Fish  and  Wildlife:  The  ways  of  meeting  hunting  and  fishing  needs 

are  not  as  flexible  as  those  for  recreation  needs  because  rather  extensive 
tracts  of  land  and  water  are  needed.  The  smallest  game  area  presently 
managed  by  the  State  is  about  one  square  mile,  while  the  largest  is  about 
th i rty  square  mi  I es . 

c.  Relation  of  the  Valley  Preserve  to  Land  Configuration  and  to 
Current  Land  Use.  Present  land  use  patterns  would  inevitably  impose  some 
constraints  upon  implementation  of  the  valley  preserves. 

Subdivisions:  Improved  subdivided  tracts  adjacent  to  the  streams 

would  remain  intact,  subject  to  certain  regulations.  Existing  buildings  and 
new  buildings  would  require  installation  of  sump  pumps  in  basements  if  not 
already  present  or  specified.  Roads  would  be  raised  to  certain  prescribed 
elevations.  First  floors  of  new  buildings  would  be  at  prescribed  elevations; 
all  occupied  buildings  would  have  their  sanitary  wastes  piped  to  sewage 
treatment  and  disposal  facilities. 

Highways:  These  would  be  utilized  as  boundaries  wherever  possible. 

They  serve  the  purpose  of  providing  access  to  the  Valiev  Preserve  area 
and  also  enhance  the  land  development  for  residential  use  as  a result  of 
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the  vdllev  preserve  diong  the  highway.  Those  rosi fences  existi-io  in  group: 

, along  the  hiohways  (strip  housim)  in  the  valley  nnrserve  w iu  I d not  he 

purchased  wholly.  They  wauld  be  ill^rteo  lots  up  to  .'’O't  tee*  deep,  iri-;  trei' 
value  would  be  enh  anced  by  th.>  presence  ot  the  Val  ley  '^reserve. 

Mineral  Pits:  'Mneril  pits  would  renain  in  production,  tlowovf’^ , 

they  would  be  required  tr  provide  adequate  sewape  and  pollution  troatmen* 

I ‘acillties  tor  all  production  teatures,  processes,  and  operations. 

I Land  Blocks:  Lind  b locks  would  be  used  in  designatinc  areas  when 

available.  This  would  avoi i excessive  leaal  and  technical  costs  incurrf>: 
in  subdividinq  land  blocks. 

j Topography:  Where  steep  river  banks  are  encountered  and  needs  |o 

I net  exist  or  are  satisfied  throuah  development  of  anot*ier  area,  only  bO  feet 

riqht-ot-wav  areas  would  be  purchased.  These  riaht-ot-wiv  areas  would  be 

T', 

L reduced  to  minimum  10  foot  widths  through  city  limits.  It  is  intended  that 

j th.-!  right-of-way  areas  would  be  utilized  as  hiking  trails. 

I d.  '-tanagement . Elements  of  the  management  program  for  valley  preserves 

I cc.nsist  of  developing  the  water  and  related  land  resources  for  the  intended  u-.e 

and  the  continual  mairtemnee  of  these  resources.  Proper  development  o^ 
villev  preserves  consists  of  providing  appropriate  facilities  for  the  intended 

I T, 

* functional  use  of  the  area  whi le  preserving  the  natural  setting  ot  the  area. 
Picilities  required  for  each  designated  activity  are  briefly  described  below: 

J Swimming:  Beach  areas  would  be  provided  where  bank  slopes  and 

j topography  are  suitable  for  their  development.  Hydraulic  structures  such 

* as  jetties,  groins,  or  check  dams  may  be  constructed  to  develop  and  maintain 

i these  facilities.  In  addition  public  facilities  for  showorina,  locker  rooms, 

1 ‘ 

[5  rest  rooms  and  public  access  and  parking  areas  would  be  developed.  Those 

facilities  would  be  equiboed  with  adequate  safety  features.  It  is  noted  that 
these  facilities  may  also  be  used  for  ice  skating  during  the  winter  mont'is 
under  proper  safety  conditions. 

Boating:  Public  access,  parking,  and  launch  facilities  wouM 

be  provided  tor  designated  boating  areas.  In  addition,  proper  sanitation 
facilities  would  be  provided  for  boat  users.  Each  site  would  ilsc-  be 
provided  with  proper  safety  equipment. 


Ctirpinc'::  Areas  designated  for  car';  inn  would  be  proviucd  wiff; 

public  access  with  adequate  service  features  such  as  serarab  I r;  rob  i I r !rd 
non-rob i I e carp  sites.  Lach  area  would  be  serviced  by  adequate  sanitation 
facilifies.  In  addition,  the  rob i I o canp  site  would  also  be  rnuippod  with 
electrical  outlets.  Each  site  should  have  access  to  facilities  f<'r  'ar  ilv 
par t i c i pat  ion  activities  such  as  vollevball,  shut f I eboard,  and  borsesnoes.  Each 
site  would  be  provided  with  proper  ererocnev  ecuinrenf  acainst  hoal'*^,  f i rc- 
and  natural  hazards. 

Hi  kino;  bikint-!  facilities  would  consist  of  public  access  arc  rarkinrj 
are.is.  Trails  would  be  designated  as  to  functional  use  such  as  hike,  rohile,  horse, 
■ led,  or  nature.  Trails  would  he  properly  narked  for  direction  as  -.ell  as 
i n form, at  ion . Sanitation  and  first  aid  ecuiprent  would  tie  provided  )1  dosion.itod 
areas  within  reasonab I e distance  of  all  trail  locations.  Drochures  indiratin.: 
trail  functions  and  points  of  interest  wou I c be  rade  available. 

f’icnickinn:  f'ub  I i c access  and  parki  n ' areas  as  wel  I as  proper  sani- 

tation facilities  would  be  provided.  ''donuafe  outdoor  cookinn  nrills  and  tat'Ics 
would  bo  provided.  Adequate  facilities  should  also,  where  possible,  provide  for 
dovelopr-ent  of  farilv  recreation  activities  such  as  Southall,  vollevball,  a.nd 
horseshoes . 

Huntinn:  '"acilities  wou  I d consist  of  adequate  put'lic  acces'"  to  f'e 

huntinq  areas.  Erochures  would  he  provided  indicatinn  sinniticant  landrarks.  ''n 
atterpt  would  he  made  to  retain  the  natural  characteristics  of  these  areas. 

Fish  inn;  Adequate  public  access  sites  with  boat  launch! nr  and  park! nr 
facilities  would  he  provided.  Check  dams  n'irht  ho  constructed  to  raintain  level 
pools  at  desirable  fishinr  sites.  Areas  would  also  ho  desinna-ted  as  shoreline 
f i sh i nq  si tes . 

c.  benef i ts . ’'arket-va I ued  benefits  are  benefits  realized  h\ 
recreation  and  fish  and  wildlife  users.  They  are  derived  as  a direct  use 
of  the  water  and  related  land  resourcos.  ‘-'ethc'ds  are  presentiv  available  to 
evaluate  them. 
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The  nonnarkot-vj I ucd  honef i ts  derived  from  imp  I ement i no  development 
of  a valley  preserve  would  be  s i on i f i cant . Land  enhancement,  flood  control , 
water  duality  control,  and  viesthetic  factors  comprise  the  'Tcatest  amount  of 
nonmarket-va I ued  benefits.  Lach  cf  these  factors  is  briefly  described  hereinafter; 

Land  Enhancemcnf : Land  enhancement  would  increase  s i on i f i cant  I v as  a 

result  o'^  adjacent  lands  bcin-:  closely  located  to  recreational  areas  v;hile  re- 
'rainino  reasonably  close  to  urban  areas.  Studies  at  the  University  of  Kentucky 
on  effects  on  property  tax  evaluations  of  development  of  reservoirs  indicate 
that  for  tax  areas  lost  throu'^h  oovernment  ownership,  the  land  valu.ition  per  acre 
increased  on  the  remainino  portion  of  the  county  such  that  the  ability  of  local 
novernronts  to  extract  tax  revenues  was  retained.  After  a short  period  of  tire, 
tax  revenues  substantially  increased  due  to  economic  rrowth  induced  bv  the 
presence  of  the  reservoir  or  facility. 

'"lood  Control:  lood  control  nonr'arket- va  I ued  beno'^its  would  be 

derived  as  a result  of  rreventine  commercial  and  residential  ccvelopmient  f roCf 
taki  nc  place  wittiin  the  area  subject  to  periodic  floodinn. 

Later  , ua  I i ty  : '..'ater  duality  nonmarket-va  I ued  bene' its  would  bo 

derived  by  avertinc  urbanization  of  the  flood  plain,  and  thereby  decrees i nn 
sediment  loads. 

''esthetics:  ‘Jonnarket- va  I ued  aesthetic  benefits  would  result  f rom 

preservinn  the  water  and  land  resources  o+  the  Basin  or  rcstorine  them,  to  their 
natural  state. 

f.  I m.p  I cmen  tat  i on  . l-'ecommendat  i ons  redardino  implementation  of  the 
valley  preserve  concept  arc  to  be  found  in  the  fiummary  Ceporf . The  recommendations 
relate  to;  (I)  +he  ap^rc^rriate  locus  of  res  pons  i b i I i tv  for  implementation;  (D 
sources  of  funds;  (3)  m'ethods  of  settinn  priorities  for  acduisition  and  development; 
(4)  methods  of  acduisition  and  control;  and  (3)  techniques  for  coordinatinc  valley 
preserve  developm.en*  w i fn  other  local  community  development  plans. 
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q.  Proposed  F.xtent.  The  proposed  extent  ot  the  valley  preserve 
system  included  in  Plan  A is  shown  on  Plates  Q-l  and  Q-2 . Most  of  1he 
Grand  River  banks  retain  the  fiows  of  annual  frequency  only.  Plates 
0-3  thru  0-22.  which  show  the  individual  reaches  of  the  Plan  A valley 
pt'eserve  system,  include  the  areas  that  would  be  inundated  by  the 
intermediate  reqional  flood  (I947  + feet),  ’^'hese  areas  should  be  included 
as  part  of  the  land  that  would  comprise  the  valley  preserve  system  of 
Plan  A. 

The  proposed  valley  preservi-'  reaches  incorporated  into  Plan  A 
consist  of  the  following:  (I)  the  main  stem  of  the  Grand  River  from  the 

proposed  Onondaga  Dam  to  the  mouth;  (,■)  Priirie  Creek  from  the  proposed 
Prairie  Creek  Reservoir  to  the  confluence  with  the  Grand  River;  (^)  Pish 
Creek  from  the  proposed  Fish  Creek  Reservoir  to  the  confluence  with  the 
Grand  River;  (4)  the  North  Branch  and  main  stem  of  Crockery  Creek  from 
tne  proposed  Ravenna  Reservoir  to  where  the  Crockery  Creek  confluences 
with  the  Grand  River;  (5)  Sand  Creek  from  the  proposed  Sand  Creek  Reser- 
voir to  the  confluence  with  the  Grand  River;  (fa)  Buck  Creek  from  where 
it  rises  to  its  confluence  with  the  Grarid  River;  (7)  Plaster  Creek  fr.'m 
the  boundary  line  between  Sections  I fa  .;nd  1 7 of  Gaines  Township  to  the 
confluence  with  the  Grand  River;  (8)  the  Rogue  River  from  the  Rogue  River 
State  Game  Area  to  the  confluence  with  the  Grand  River;  (9)  the  Thornapple 
River  from  the  Barry-Eaton  County  Line  to  the  confluence  with  the  ia'and 
River;  (lO)  the  Flat  River  from  the  P i ne-Montca  I r?i  Township  I i .le  to  the 
confluence  with  the  Grand  River;  (II)  the  Look! ng<]  I ass  River  from  the 
C I i nton-Sh  i dwassee  Cviunty  Line  to  the  confluence  with  the  Grand  Riv.-'r; 

(12)  the  Red  Cedar  River  from  the  proposed  Ok.'mos  Dam  to  the  confluence 
with  the  Grand  River;  and  (13)  Sycamore  Creek  from  the  boundary  line  be- 
tween Sections  16  and  21  of  Vevay  Township  to  the  confluence  with  th.' 

Red  Cedar  River.  Valley  preserve  borders  would  follow  tht>  flood  plains 
as  closely  as  judicious  property  lines  lend  themselve-.-  to  it. 
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rjncl  ■'  i vcr  as  a Vallc-y  "’reserve  ('lumher  I), 
a.  "each  0-1,  "rang  Hcivcr.  to  '"'ttawa-Knnt  Pounty  Line,  ’'ror  thr  ■'t.v.vi- 
ro'it  untv  Line,  the  "rand  '’iver  flows  west  by  north  in  •)  ncander  i no  cf.ur'r., 

5*:  river  riles  to  Lake  ‘'ichi'MP,  hisectin'’  '"■rand  fiavcn  on  the  shore.  trr  r.rrr-;l 
f I '■'v;  is  contained  betv.'ner  banks  lO  to  18  feet  hi^'h.  bevcral  havnus  C'f  irrortanff 
; r inc''  off  lateral  Iv  f ror  noth  sices.  Tim  adjacent  land  varies  fror  Irv'l  to 
vcTv  hilly  with  elevations  raneine  fror  h7B  to  feet;  sand  dunes  line  the 
Lake  '■ichiran  shore.  kocrl','  drsinrc!  areas,  swarps  and  v;oodlann  flank  the  i-ntiri 
rc.acn ; f'c  soil  is  mainly  sane  of  k)w  ffrtilitv.  irtuallv  evrrv  yt  ar  the  river 
rires  ird  inundates  adjacent  lands,  ■’’he  *lood  :■  I a i n is  outlined  on  "late 
t^'is  is  the  I ind  that  is  rreer  r erdec:  in  tnis  react,  for  .a  v'llcy  rro''frvC'  .'ilh 
oev<  I -■'■eer,*-  and  ranaocrert  h,  outlined.  It  is  a i'cruiou'  roach  o'  ihr,  r i / 

: . "each  1-?.  mtiawa-f'ent  opurty  Line  to  "'ocur  M vr  r . ^rr'e  the  cr- 
• I u<  nco  cf  the  ■ 0';'uc-  ana  "rare  ' Ivors,  om  "rand  swrr-''S  in  a wf  I I df  f i nec.  charnrd 
n : cnnc' : I I SOU  th  w es  tv;  a rd  I V course  ttrourih  '"•rand  'arid'",  to  |rc  ''i  t i’,.— Ker  t 
'.ounr'  Line.  This  is  in  a dtnselv  rorulated  section.  Thr  nc'r''al  flo-;  is  l.ft/crn 

s vur/in-  f rcr  L fo  70  fret  hint,  on  both  sides.  Tne  land  adjacent  *r.  f' 

rivr.r  is  level,  i nterrui'ted  with  a few  h|  | | o in  the  lov-rr  nart  of  ffir  riach. 

.•/  i"  r . and  toorly  Grained  aroa-s  flank  the  r-crin  ster^  outside  "t.inc  aries  ,■''0  rhi 
i I - f the  floor;  ;ldin  is  mainly  sard  of  low  frrtilitv.  .■'’Innst  cv  r / v/r^r  ‘"r' 

’■ivi  r f I O'w  cverters  the  r i V(;r  fianks  and  Inundates  adl.,c('r,f  land''.  '"r  f I'-'oe  | ;i 

;•  if  ■ uid  be  inundated  in  this  reach  and  is  rt  cr''r''cndf'd  for  a va  I U , ^rrscrvi 
is  .'Ut  lined  on  ' late  .-'T. 


"each  7-3.  or:ur.  t’'i  ver  to  Thornanblc  diver.  fror  thr  cor'lurnc' 

■ ' t‘f.  "'lornapt  I o and  "rand  'avers,  the  "rand  flows  nor  frwr  s 1 r r I . to  f-i  cor- 

f I u(  nee  of  tnc  "'osue  t'ivor.  The  river  channel  is  ■.■r'-'ll  def  i red  lf't;rer  !■  :rks 

I"  ff.f;t  h i f’h  and  falls  f ror  elevation  ri3  to  dho  feet  ove;r  thr  I,'  river  'lies  ' 
fh-  ri.'ticb  . Tfic  land  i r ned  I atcl  adjacent  to  the  river  whicb  const!  futf  ft 

‘ Io(a:  r.  I a i n is  relatively  level,  interrurted  by  sv;arr''>  in  ttu  lovrer  half  rif 

re-fch  : the  soil  is  rainly  dcc.r  sands  of  low  fertilit''.  Sops,  harriv.'ooc  f ■■  rr-n  t a t i-f 

extends  over  this  entire  reach.  I'peyi^tion  is  sparse;  floods  occur  abouf  ' very 
other  year  in  portions  of  this  reach.  The  flood  riain  that  would  be  irundaftd  Ir 
this  reach  and  is  recorrended  for  a valley  preserve  is  shown  on  ' late 
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■ r'  rr  thf  Cor- 


el . r^igach  3-4,  Thornapfle  River  to  Kent-loni;)  rpunty  Line, 
fluenco  of  the  "lat  and  fhe  -rand  Pivors,  at  Lowcl  I,  the  '"■rand  Mcvo.  ^ as1  '1.=' 
oiles,  then  northwest  3.7  niles  to  the  confluence  of  the  Thornarric  arc  'rare 
f'ivers  at  Ada.  In  this  reach,  8.2  river  riles  lone,  the  Opard  drrrs  four  'ce*, 
f rcr  Cl  7 to  CI3  feet  elevation  at  ncrral  flow.  The  norrol  channel  is  well  •.■r'i-ed 
between  banks  fror  5 to  10  feet  h i oh ; the  flood  plain  is  flat  with  swarps  ir  '■•\c 
roddle  of  the  reach.  The  soils  arc  sandy  and  of  low  fertility;  sore  woodlands  am 
in  the  lower  one-fourth.  Ada  and  Lowell  arc  the  centers  of  ncrulation;  elsowcrr 
the  roach  is  sparsely  populated. 

''bout  every  two  years,  the  river  flow  overtops  the  b.-inks  and  inuncase 
the  adjacent  flood  plains.  The  flood-plain  that  is  recorrenced  ^or  a vallc.' 
preserve  is  shown  on  ^’late  ^'-6. 

e.  P’cach  4-5,  Kent-lonia  County  Lino  to  Prairie  Creek.  Pror  tnc  con^hjencr 
cf  Ptairie  Creek  and  the  Crand  Piver,  one  rile  east  of  Ionia,  the  '"rand  flows 
southwesterly  to  the  ^lat  and  Crand  Rivers’  confluence  at  Lowell.  The  "rand,  in 
this  20  river  r.ile  reach,  ranges  fror  100  to  300  feet  in  width  between  prirary 
banks  which  rise  6 to  18  feet  above  the  river  bed.  Strear  banks  rise  f rcr  a 
rinirur  elevation  of  C25  feet.  The  nornal  river  course  is  torturous  and  interesting, 
cuts  through  level  flood  plains,  fror  1/2  to  1 rile  wide.  There  are  no  rapids;  the 
river  falls  only  1/2  foot  per  rile.  Extensive  swanps  and  woodlands  occur  ir  the 
riddle  half  of  the  reach . Beyond  the  flood  plains,  the  countrys  i de  is  "III.', 
risinc  to  elevations  of  as  ruch  as  840  feet;  woodlands  dot  those  uplands.  The 

flood  plain  soils  are  sand,  silt,  and  clay;  the  strear  bed  is  alluviur'.  "utsidc 
of  Lowell  and  Ionia,  the  reach  is  sparsely  populated,  .''■t  Lowel  | ■‘locds  occur  rpe 
every  three  years;  it  is  estimated  that  portions  of  the  Mood  plain  are  inundated 
every  year.  The  flood  plain  that  is  recommended  for  a valley  preserve  is  • 

^1  ate  "-7. 

f . Reach  8-6,  IVairie  Creek  to  Cortland  '’unicipal  Par,  r ror 
Portland  at  river  mile  113  of  the  Orand  River,  the  Cortland  V.ilUv 
Preserve  extends  four  miles  northwest  to  the  ‘Portland  ’'unicipal  " 'r  at 
river  mile  lOR.  Continuing  from  here,  the  "rand  winds  in  wide  roanders 

14. A river  riles,  north-wester  I v to  ”uir,  and  descends  C4  ft'^f  in  elevation. 
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The  nrr''iil  ch.innc-l  is  well  c'of  i ned  and  varies  f ror'  to  2,100  tcct  in  \.idf‘  , 

■ i ver  hanks  rise  as  hi  eh  as  100  foot  above  the  water;  stofTly  (low  ns  t rear-  on 
the  reanders,  loss  sharfly  on  the  upstroar  sides.  T^e  uplands  are  hiliv  and 
undulatory;  lands  irred i ate ly  adjacent  to  the  river  are  sandy  loars  of  moderate 
fertility,  devoid  of  sv/aros . 

i ror  ''uir  the  Vano  flows  west  and  a little  5out>^  A,’  river  riles  to 
its  confluence  with  Prairie  Creek,  descenriine  10  feet  in  elevation.  The  norral 
channel  is  well  def i red  between  prirarv  hanks  8 to  10  feet  h i oh . 1 roao,  flat 
plains  1/."  to  1 rile  wide  extend  south  f ror  the  'rand  Trunk  '..estern  P.jilroad  frac>- 
.vnich  parallels  the  north  river  hark.  The  flood  plain  soil  is  Srandy  loar  of 
rediur  fertility  with  scattered  . swarps . Hilly  uplands,  dotted  with  woodlands,  rise; 
as  ruch  as  150  feet  in  elevation  on  ’'entle  slopes  frer  either  side.  r^Jtr;id0  of 
Lyons  and  "uir  the  rca.ch  is  thinly  populated.  The  flood  plain  oullinec!  on  ' lafc 
-h  is  recomrended  *or  a valley  preserve,  f's  can  he  seen  f ror  tn  i s nrav'nn,  enlv 
fhc  part  ‘ror  "uir  to  Prairie  Creek  has  extensivt^  lands  that  are  frcsuontlv 
inunaatca  - probably  once  a year. 

r . Peach  6-7.  '"ortlanc  "unicipal  Car  to  I on  i a-C  I i nton  County  Line. 

.'.est  of  the  heart  of  the  villaoe  of  Portland  1.5  ri'iles,  and  north  O.P  riles.  Is 
tp('  ''nr*land  "unicip:il  Par  across  the  ^rand  Pi  ver.  ‘“ror'  this  dar,  the  Prand 
s.vceps  cast  and  south,  upstrr;ar,  in  a wide  reander  throuch  "ortland.  leavir-'  the 
villane,  the  river  continues  south,  urstrear,  five  riles,  then  turns  east  ocncrall,, 
and  pursues  its  course  four  riles  to  the  east  Ionia  Counfy  Line.  The  path  of  rhe 
rivfr  is  typical Iv  tortuous  with  wide  meanders  traversino  tt)o  axis  of  its  noneral 
course.  The  actual  lencth  of  this  reach  is  22  river  riles. 

flood  plains  vary  i no  in  width  f ror  .'’.P  to  TOO  feet  flank  the  river 
here,  ‘ror  these  the  uplands  rise  on  (ithor  side  6P  to  8h  fc-et  at  varvino 
slopes,  precipitous  on  fhe  downstroar'  banks  of  fhe  reanders,  nentler  at  fhe 
upstrear  sides,  ''lowinc'  fror  the  oast,  the  Look  i nrjc  I ass  ‘iver  in  a vallev 
si'"ilar  to  that  of  the  *rand,  joins  the  latter  river  at  the  center  o‘  mrirtl.iPit. 

The  normal  flow  of  the  Grand  here  does  not  fluctuate  qre.atly. 

Ceasonal  variations  in  river  stage  are  about  five  feet  and  the  river  over- 
flows its  banks  once  a year  usually. 

The  soils  of  the  valley  are  glacial  drift,  mostly  gravel,  and 
well  drained;  however  at  present  they  are  unproductive.  The  ueneral 
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toDonrjphy  of  this  area  is  undulating  and  hilly,  ranging  fron  (.90  to  8?0 
feet  in  elevation. 

It  is  recomrrended  that  this  river  valley  from  the  f’ort  I and 
'•'unicioal  Dim,  river  mile  I0‘^,  to  the  Ionia  County  Line,  river  nil,. 

1^1.2,  together  with  the  va I I ev  of  the  LooKingqlass  River  upstream 
to  mile  I,  he  developed  as  a valley  preserve. 

This  project  is  proposed  to  provide  multi-purpose  usage,  r i - 
marily  for  recreation  and  fish  and  wildlife  needs.  Secondary  benefif. 
from  flood  prevention,  improvement  of  water  qualifv  and  land  value 
enhancement  would  follow  also.  It  is  proposed  to  develop  the  area 
extensively  for  land  recreation  use  supplemented  by  aauatic  activities. 

''-'anagement  of  the  land  would  be  such  that  urbanization  o’  tlu- 
valley  would  be  discouraged  thus  minimizing  flood  drainage  and  tiettering 
water  quality.  Land  values  adjacent  should  rise  as  a result  of  the 
development  coupled  with  the  proximity  of  the  expand inci  Lansing  area, 
and  the  excellent  access  highways. 

The  total  estimated  cost  to  develop  the  valley  preserve  svstem  15 
based  on  ( I ) 1968  price  levels;  (?)  the  total  land  area  included  in  the  sys- 
tem; (3)  real  estate  values  of  lands  that  would  be  effe.  fed;  and  (4)  faeilitv 
costs  Including  those  for  parking,  shelter  buildings,  boaf  launchings,  hunfin 
hiking,  and  picnicking.  The  cost  to  develop  the  preserve  per  mile  is  estimaft 
to  bo  {70,000.  The  total  cost  is  estimated  at  {1,5000,000.  Annual  cost  to 
operate  and  maintain  is  estimated  at  $60,000.  ik'nefits  from  recre.ation  .jrc 
estimated  to  be  {60,000  annually  and  the  benefit/cost  ratio  is  1.0. 

In  harmony  with  the  valley  preserve  the  village  of  Portland  tias 
advanced  certain  proposals  for  improving  the  recreational  and  hydro-eleciric 
power  situation  there.  These  contemplate  dredging  and  widen  inn  the 
river  reservoir  upstream  of  the  ^’u^icipol  Dam.  To  eliminate  rapids  in 
the  Lookingqiass  and  Grand  Rivers  that  would  ensue  from  this  dredqino, 
it  is  proposed  to  install  a dam  in  the  Grand  upstream  from  Bridge  Street. 

The  village  states  that  eOO  kw  of  hydro-electric  power  would  be  made 
available  from  this  damming  of  the  Grand,  and  that  the  wafers  upstream  from 
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t’lL’  cJnr  would  be  irproved.  ^ plan  of  the  I'ortland  Valiev  ' reserve  is  snov.r  ' r 
■ late 

n.  ^eacn  7-6^  loni  a-C  I i nten  County  Line  to  Ians  in  . Throus^  Loosin':  toe 
rjnu  flews  north  * non  "ain  Street  T r^iles  to  the  outski'  ' , rser  turns  wes'^  lO  an 
irrue.ular  course  ir'.f  riles  to  -^rand  l-Cdoe.  The  nor'-al  channel  in  f-iis  r >;rt  of 
‘•'t  reach  is  well  cefinod.  In  Lansinn  the  flood  rMin  i r itf-er  narrow  <nc;  is 
‘lanKed  by  c.rjdually  slcpine  barks  30  to  -10  feet  hi  ■■■.  ' roceoc' i n ■ west  the  n imel 
is  incisea  i ncrcas  i n : I v ccerer  until  at  '"rand  Lec'O  the  norral  f-  ini-,:,  t,-  as  ruC' 
feet  ohovi  norral  ’.-.ater.  The  flooc  riain  in  this  r rrt  of  the  reach  is  rr-rr  , , 
to  I *eet  v/ide  rest  o*  the  ".•av  . tpe  uplands  <)ro  hill;,  risin-  ‘ n- 

r r-ore  on  nradual  r.l(':cs.  fror  '~rand  Lcdr:c,  t'u  rar.c  rnrsuen  i 'rrr..l\.  - 

.vtsf  course  w i tti  *’'rce  wide  reorders  to  the  I on  i a h’ I i nt.  ai  ^ourty  line.  '-i  ^ivet 

f II  ??  tee+  in  °.t  river  rr  i | cs , in  a deeplv  incised  c‘‘ ^nr-el  . f 'ri.s  ' *••(:*  •,  ■■ 

iL-:,>in  the  river;  rrecirit'  us  on  the  downstrear  of  oranders,  I c, ; rtT'  or  f-- 
ursrresr.  tne  topocnarhy  of  hilly,  ur.dulatory  uplands  is  tv:ic:l  fr  ' L m i 
t"t  Ionic-sent  County  Line.  The  soils  in  tne  constrictr.'  ' 1 : o.;  ;1  tin  arr  I-'-"’, 
■il»v  loan,  jnd  silty  cla.,  of  low  torediun  fertility.  The  ‘utlini  on  'l‘(  .-I 

.-u.'ws  the  area  that  is  rccorronded  for  t‘ie  valley  preserv.  . Tne  enti  ro  reach  > 

CC  river  riles  Ion".  These  flood  plains  fuwe  a history  of  floodio'  -^o  vi'-ious 
c.c-rec5  as  have  all  others.  Outside  of  ''rand  Lcdrc  and  l.ansins  the  nonulation 
i 5 sr j I I . 

r.  Peach  C'-f).  Lans  i nc,  to  Cnondaca  Par,  nronriara  f'ar  of  the  J cks-'n 
orp  I ex  rarks  the  south  end  of  this  river  reach,  fror  this  tkr- , ^he  'ranu 
flows  northwesterly  throurh  '''nondana  and  Kinneyville.  to  r=>ton  Pirids;  nm-p 
the  river  turns  northeast  and  in  an  elon'\ated  "S"  swcors  throum  ''iron.d.ale  *o 
Laps i no.  Throurhout  this  course,  the  river  winds  throuph  an  irrenulan  flat 
vallty  fror  200  to  1,300  feet  wide,  into  which  the  nornal  channel  is  incisec 
with  banks  3 to  10  feet  hieh.  f.xtrere  flood  staoc  is  ( to  10  feet  ahovr  low 
water  hut  the  flooded  area  is  not  nreat.  Swarps  and  wood  1 ands  rake  ur  r'St  o* 
the  flood  plain;  the  soils  are  sandy  I oars  of  moderate  ferfilitv.  The  nnir-h- 
horin'’  countryside  is  woodlands  and  swarps,  representative  of  1he  rotsiin.-'l 
areas  of  lower  ■■ichioan.  Knohn  of  sand  and  cravel  capped  hy  clavey  fil I rise 
20  to  5h  feet  above  the  plain.  Oepressions  about  the  sarp  distance  hf-lo-.v  the 
plain  are  swarpv.  The  flood  plain  area  recommended  for  a val Icy  preserve  is 
shown  on  riatc  C- I I . rortiens  of  the  flood  plain  would  probabiv  (t  inundati'd 
every  year.  There  are  nurorous  sra I I communities  alone  this  reach,  sf>re  of 
which  extend  into  the  flood  plain. 
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Tributaries  j'i  ijlley  ‘‘roscryps  (‘hj'rit'ors  II  thrru'iri  XIII). 

'■> . Prec-K  Viillov  Fronerve  (‘■'uri'c-r  II).  f .i' "t  : *:r.rr 

nf  1.5  f' I I f!s , i,  .!r  extensive,  flot  flocc!  plein  ef  ''rtind  '~ivrr  ..'■rrr.  •r:ir'i 
CrooK  Mowin'  frrr  tne  north,  joins  the  "rnne*.  'reposed  in  ■ I t- 

vinotncr  pminct,  ese  rvoi  r Fite  No.  .1?  would  !'c  across  +‘'p  cr(-ek  I . 'i  riu-- 
north  nnd  !/•'.  '•'lie  east  this  conMuence  in  Section  9,  T""'.,  ■ , t .r-l  - 
To'wPShir,  lonio  Fount.  . ' Ve.-.  nr.  tro>:r  trot-  ti'.is  ■ r-'posed  resorvi  ii  -t'if  creek 
ursues  .)  rf-endi  rin-  end  tortuous  course-  t*^  ^^e  river  r- i 1 eis  lor.  to  it'i  r-o,.*‘ 

•'  the  ''•runt!. 

T^'i;  M . d rl.iin  on  the  wes  ‘ r ir-v  .:t  t''i  m r-c  ut‘.  ■■  >s  ‘rr^  - •s*'!.-  'r. 
inho  d city  r .re  • r j distance  upstre-ar  of  . M.  . t.,!^  Js  owned  dv  the  city 
Of  lop’d.  rhir.o  Orel'.'.  . r ■ I e r i"  c"  :*u.  ..r.-ck  oc'.jth  .ins  oc'o.cc-rt 

to  hrohev  ''ow  -cue,  i-xisfed  '■  r rje-.-  ,e.;r'-,  :'ut  no,./  is  I noru  r if  i i.  an:.  I"  fui'"-. 
Th^,  (tar  ranks  t‘'(-  seutherm. : ♦ r..rt  .*  n.irr,-., , stee:  I',  tankre  oor-e  wric'' 

encloses  a swi  iT  i n : eds  ' ire  .v.  s f r.vTde  r • the  err-rk  end  then  hoti'  cr'.''tl"u* 

nerthward  to  the  : r '.neseri  r.  ..  r s,  . . . 

"ichi-'dP  stite  ti-’'.vu',  .1  crosst.-j  the  vail..",'  in  a northr.a'ter  | -.■ 
di  roctio''  a*  its  rjfjicn  rr . ■•'P',-  va)ua.'')c  rosidcf'ct'S  on  sr.sci-ius  .v'l'oc  '-l.its 

■ irn  situated  i r.  t'M,.  I (.ica  I c north  of  1 .and  on  joy  and  over  looi,  th,-  chan  -i^  ; 
scenic  sottin-'  th rojotiout  the  voar. 

The  ''rand  Trunk  hestorr  'ai  I read  follows  ffie  course  of  t'-e  r.-r: 

'’i  ver  with  a sineic  track  on  the  north  h.-jpi.  ^ anc  hridnos  ''rairio  freok  lu.* 

below  the  old  d.m  s i tt  . dclow  the  bridOiO  rn  the  oast  bank  .arc  rroiiucMv. 

farr  lands;  while  urstro.r  irrs  and  woodl  inris  ^rinip  the  w.ator  c.'urso 
between  the  enclosin.-  valley  wall'-. 

To  t-o*ter  aprrociato  the  circuitous  courre  of  the  croow  .and  the 
attractive  relief  of  the  nreri'rvo  site,  a s-fud',  of  the  accorpanvinr  rap 
(i'latc-  .'-ID  is  nocossary. 

The  proposed  Valiev  '’reserve  rxtonds  ' rcr  the  '“rand  -iver,  al  '•i.i 
Trairio  Creek  to  i'esorvoir  Site  ’-lo.  4?.  '-'idin'.  and  foot  trails  are  rn^- 

posed  to  lead  fror  the  reservoir  to  the  “r.ind  ■ ivor,  both  throuch  .inc  ov-r- 
lonkinc  carp  sites. 
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The  creek  bed  in  this  reach  is  coarse,  loose  oravel  and  the  wa+er 
Current  is  relatively  swift.  These  conditions  have  been  described  as  favora''le 
for  the  spawninn  of  anadror.ous  fish.  However,  at  this  tirre,  the  preserve  >. 

J 

site  does  not  lend  itself  to  extensive  fishine,  boatine  or  huntin'".  ' 

The  cerr'etery  just  cast  of  the  Prairie  Creek  Darr  site  is  hiqh  enouoh 

1 

to  be  out  of  the  flood  plain  and  would  be  unaffected  by  the,  preserve  as  ''lannec.  j 

It  is  estimated  that  the  cost  to  develop  the  preserve  is  $1,300,000  resultino  j 

in  $02,000  as  averaqe  annual  costs.  Average  annual  benefits  in  dollars  are 
estimated  at  $5,000  for  flood  control,  $10,000  for  fish  and  w i I d I t f e, , anc 
$47,000  for  recreation.  These  benefit  sums  amount  to  $('■7, '^00  with  t^o  resultin', 
benefit/cost  ratio  being  1,0. 

The  flood  plain  width  averages  800  feet  and  the  slope  of  the  creek 
is  nine  feet  per  mile  in  the  area  of  concern,  '^ther  roads  crossins  the  v.allev 
in  this  reach  are,  in  an  east-west  direction,  Smokey  '-ow  Poad  and  Hi  Merest 
f^oad;  in  a north-south  direction,  '“'rairie  Poad  leads  from  "-21  northward.  A 
detailed  plan  of  Prairie  Creek  Valley  Preserve  is  shown  on  F I ate  C-12. 

b . "aple  River  Valley  Preserve  (Number  III).  Th  i s proposed  Va I I ey 
Preserve  project  would  extend  from  the  city  of  “uir  upstream  along  the  “aple 
'“'iver  app  rox  i mratel  y nine  m,  ilcs  to  the  I on  i a-C  I i nton  County  Line.  Here  it  would  Join 
the  "aple  Piver  State  Came  Area  and  should  make  a very  desirable  addition  to 
public  lands  in  the  ‘'aple  River  Valley.  At  this  location  (the  "aple  ^ i ver  at 
the  Ion  i a-C  I i nton  Countv  Line)  '“ish  Creek,  flowino  from,  the  north,  joins  the 
"aple  Piver.  The  Valley  (’reserve  is  proposed  to  extend,  northward  f rom  this 
confluence,  seven  miles  alone  Fish  Creek  to  the  site  of  the  proro=ed  Fish  Creek  f'a'’. 

Excellent  access  to  the  preserve  would  be  provided  by  State  Hiahway  "-2I 
which  extends  from  "“lint  west  to  ^rand  ‘’apids.  The  Lansinc  metropol  i tan  populafi  'n 
would  be  especially  well  served  by  this  preserve  as  would  ^'rand  '^ariris,  f-ouch 
possibly  in  a lesser  way. 

In  this  river  reach,  the  ’'aple  has  a broad  flood  plain  which  is  sparsely 
populated.  The  plain  is  forested  with  low  grade  hardwoods  and  brush,  ’"l-acds 
occur  yearly  and  low  areas  retain  the  accumulated  water  for  extended  periods  '"f 
*ime.  This  latter  encourages  wildlife  and  sustains  the  cxistin"  dense  overgrowth 
of  vceetation.  The  flood  plain  is  cultivated  for  atir i cu I turc  to  a very  limited 
extent  which  is  directed  by  the  rate  of  the  floodwater  run-cM . 
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The  seven  rile  rcecn  of  ' i sh  frerk  whicn  is  rrorosrt:  ,js  s ir-t  of 
preserve  has  a orcoter  slope  than  the  ‘’aplc  • i v.  r . e valU.-/  f lor  r i'-, 
narrower  and  the  adjoinin''  uplands  are  rorr  irrc'-jlar  and  nTlir.'-  in.jr  :ne 
conparable  physical  features  of  the  "aple  ' ivc^.  ''hf  yoarty  floocir-  '' 

’“aple  affects  this  part  of  fish  Crock,  [iut  t‘-e  w,:Toi  ^ recede  rore  rapiclv 
because  of  the  nreater  slope. 

The  soi  Is  in  botfi  val  leys  are  heavy  : I .jck  ruck  -,t  d per  r I 'y  crainec. 

The  adjoininp  unlands  are  sandy,  well  drained  and  in  nr  r/  roduct  i ve 
this  time,  for  a distance  of  1/7  to  1 rile  landv.  ard  • the  escarprf  nts.  T'.eyond 
these  infertile  bands,  the  land  levels  and  rains  •crtilit-,-,  arc  very  productive 
agr i cu I ture  ex  is ts . 

The  proposed  preserve  would  offer  recroat  in.p,;  | er  v i ronr  rr  ■* . "lore 
water  effects  would  be  reduced  in  a minor  'way.  . aterfow  I and  fur  fearin''  ani- 
mals would  benefit  rreatly  by  the  creation  of  the  additional  nonds  of  I'"  acres 
or  less  in  the  flood  plain  area,  reroto  frnr  the  'ain  stroar  char.nrls.  'is^ine 
on  the  f'aple  Piver  would  be  improved  bv  the  i miprovement  and  p reservat  ior  of  hanks 
and  stream  bod.  The  preserve  concept  wnu  I c act  to  bonefif  .'are  in  the  unlancs. 

Trails  for  hiking  and  horseback  ridinr  are  proposed  to  provide  major 
recreation.  Camipinr,  oicnicking  and  hoatinc  could  also  hr  'enjoyed. 

It  is  estimated  that  the  cost  to  develop  the  presorvr.  is  Jl,hn'^^p,pn 
resulting  in  an  average  annual  cost  o'*  annual  benefits 

are  estimated  to  be.:  ‘‘f,,-  flood  control,  <or  fish  ana  wildlife, 

and  for  recreation,  S35,9C0.  These  amounts  total  and  rosulf  in  a 

benefit/cost  ratio  of  1.0. 

A detai led  plan  of  the  preserve  is  shown  m i late  P-IT, 
c.  Crockery  Crook  Valley  fYoserve  C.u''!c.r  IV).  ' rom  the  proposed  dam 
at  Peservoir  Site  16  ('’"avenna  Co.  2)  or  Corth  liranch  CrncUor/  Creek  )+  the  cast 
Pavenna  Vi  I lace  lim.its,  this  s + ream  flows  .'  mile  to  i tsconf  I uonce  with 
Crockery  Creek.  Continuing,  the  latter  winds  its  .'.rty  south', -.'eh ter  1 y throu''h 
an  unpopulated  part  of  the  village  of  The  t'.onks  of  fher..-  '.treams  .^f 

these  locations  are  20  to  30  feet  hioh;  they  slope  up,  I'ontlv,  '1  feet  to  the 
surround!  no  hills.  The  noiehboring  countryside  is  unoul.atory,  n | | | ,,  ^ somo  contains 
woodlands  and  crass  lands,  and  is  sparsely  populafe''.  the  rerommended  outline  of 
this  Valley  Preserve  is  shown  on  ^latc  - 1 -f . soils  in  this  prormsed  preserve 
are  deep  sands  with  low  fertility  and  Ic'v  water  retention. 
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d.  Sand  Creek  Valley  f re.-sorve  (‘.'ur^ber  V).  The  f. reposed  dar-  tor  Si+e 
74  (Sand  Creek  f^eservoir)  would  he  situated  3/4  rile  south  o*  the  State 
Highway  ‘*-45  bridge  over  Sand  Creek,  ’’ror  here  Sand  Creek  flows  in  a very 
tortuous  course  southwest  to  its  confluence  with  the  Crjnd  '^iver,  Tte  many 
meanders  that  work  this  reach  wind  back  and  forth  bet^veen  bariks  10  to  50  feet 
high.  Between  banks  the  flood  pi  air  varies  ^ror  500  to  1,000  fuet  wide.  4 lonr 
its  axis  the  reach  is  three  riles  lone.  The  flood  p ain  is  fiat;  woodlands 
extend  almost  its  entire  leneth.  The  soils  are  dees  and  durable  loam,  clay 
loar,  and  silty  clay  loan.  On  date  1 5 is  outlined  the  rcccnmended  Valley 
''reserve.  It  is  probable  that  carts  of  this  flood  niain  are  inundated 
yearly;  the  population,  however,  is  sparse. 

e.  buck  Creek  Valley  i'reserve  (Mumher  VI).  i uck  Creek  (as  its  source 

in  icetion  9,  ''^ainos  Township,  Kent  County  about  II  riles  south  of  brand  •'apics. 
r non  here  it  flows  three  miles  west  then  turns  in  a wide  circular  arc  to 
Crandville.  The  water  flows  rather  fast  because  the  fall  is  1C  feet  rer  rile. 
*^or  the  most  part  the  banks  have  a gradual  slope.  The  nei  ghbori  nn  uplands  are 
hilly  and  undulating,  risine  to  some  50  feet  above  the-  stream.  Adjacrnf  to  the 
stream  the  soils  are  deer  sands  and  sandy  loams,  of  low  fertility.  The  flood 
plain  recommended  for  a Valley  4>reserve  is  some  10  miles  lone  above  the  creek 
mouth  and  is  outlined  on  f'late  0-15.  The  population  Vtirics  from  dense  at 
Crandville  to  sparse  further  upstream. 

f.  Plaster  Creek  Valley  Preserve  (fiumber  VII).  Plaster  Creek  has  its 
source  in  Section  23,  ''•aines  Township,  Kent  County,  about  14  miles  south 

of  "rand  Papids.  From,  here  it  flows  in  a very  twisting  irregular  course 
northwest  skirting  Grand  Rapids  and  joining  the  C|-and  at  ..'yorinc.  Its  flow  in 
swift:  it  falls  13  feet  per  mile.  The  surround i nr  countrys i do  is  hilly  and 

undulatory;  the  hills  rising  50  to  100  feet  above  the  strear  . For  the 
most  part  the  strear  banks  rise  on  a gradual  r lope.  Inforra-^ion  on  the  extort 
of  the  flood  plain  is  lackinr-;  the  flankinn  areas  irc  fl  *t  and  featureless. 

The  soils  are  deep  sands  of  low  fertility.  The  recom-monded  Valley  ' rrservi- 
is  5 m i I 05  lone,  along  its  axis;  the  out  I i no  is  on  Plate  -It.  ”ns t r f it 
is  in  an  area  of  dr:nse  population. 


c.  ’'o^'.ue  Pjver  Vdlley  rrc‘5(?rve  (‘.uf^hor  'MM).  The  met  ri  the- 
^ogue  T>ivcr  jneJer  consideration  here  is  that  part  ox’^ondin.':  scutl-  of  t*'.c 
■^onue  '^i  ver  State  Tare  .''rea  to  its  confluence-  i th  the  ''rand  ''i  vor  at  river 
frile  51.  f ror  Section  2G,  TlON,  P 1 2V( , Tyrone  Township,  Kent  Tfunty,  at  thr- 
south  end  of  the  '^ooue  f^iver  State  ''are  Area,  the  i oruf-  I'i  ver  Mows  soutn  to  one 
rile  past  the  Village  of  Sparta;  then  the  strear  sweeps  first  south,  then  nrrf', 
then  south  aoain  in  a wide  n-eander  to  f'oekford.  'ror  r'oekford,  t^e  river  flows 
in  a generally  southwesterly  course  to  its  con:luence  with  the  t-rand  'iver. 

The  proposed  '-’oguc  river  Pecreatior  Area  would  extend  f ror  the  I'.T,  i-'inhway  131 
bridge  2 1/2  r.  iles  north  of  Rockford  to  I rile  north  of  Sparta.  A Valley 
f'resorve  is  recorrended  f ror  this  point  north  to  the  south  lirits  of  the  toguf- 
f'^'i  ver  State  ''lOre  Area.  This  is  flat  swar.py  country,  alrost  all  the  wav.  Thr- 
Va I Icy  Preserve  wou I d be  I /2  r i I e w i de  and  4 1 /2  r i I es  I onn , w i tr  the  strear 
meandering  through  the  center.  On  gentle  slopes,  the  countryside  rises  to 

undulatory  hills  70  feet  above  the  river.  This  would  be  the  north  part  of  the 

Va I ley  Preserve,  f rom  the  bridge,  2-1/2  miles  north  and  1-1/2  niles  west  of 
Rockford,  the  Rogue  flows  south  and  east  through  ffockford,  then  southwest  to  its 

confluence  with  the  ''■rand  River.  The  current  is  rather  fast  in  this  reach:  the 

stream  bed  falls  10  feet  per  mile.  The  soil  is  sand  and  sandy  Icar  of  moderate 
to  low  fertility  in  this  locale.  North  of  "’ockford  the  land  is  flat  along  the 

river;  in  the  reach  from  Rockford  southwest  three  riles  long,  the  hanks  rise- 

sharply  70  feet  to  the  neighboring  hills,  ‘'lat  lands  flank  the  river 

from  here  to  tfie  Grand.  The  river  channel  is  sharply  defined  throunh  this 

part.  The  flood  plain  is  narrow;  alone  the  axis  of  the  strear  i+  is  1-1/2 
miles  lonq.  This  constitutes  the  lower  part  of  the  Valley  ■'reserve.  Taken 
toaether  the  upper  and  lower  parts  form  Val  ley  Preserve  VIII  (''■'onue  ■'^iver), 
outlined  on  Plate  C-17.  Outside  of  Plainfield  Township,  Rockford,  and 
Sparta,  the  land  is  thinly  populated. 
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h.  Thornapple  River  Valley  Preserve  (fjumber  IX).  The  Thornapple 
River  is  the  longest  tributary,  76  river  rriles,  in  the  basin.  Under  con- 
sideration in  this  part  of  the  study  is  the  river's  reach  from,  rJashville, 

at  the  barry-Laton  County  Line  to  its  confluence  with  the  ^rand  River  a+  Aca. 
Cron  fiashvillc,  the  Thornapple  flows  west  by  north  to  the  upstrearr  licit  of 
the  proposed  reservoir  at  S i te  22  (Lahargc)  at  the  south  section  line  of 
Section  33,  T4fi,  RIOL,  Irving  Township,  Barry  County.  This  reach  is  through 
hilly  undulatory  countryside;  the  primary  hanks  of  the  well-defined  channel 
are  10  to  20  feet  high.  Cany  creeks  and  minor  streams  discharee  into  its 
entire  lenoth.  The  flood  plain  is  narrow  and  of  sandy  loam  of  moderate 
fertility.  Thornapple  Lake,  a lake  of  important  size,  is  in  the  flood  plain. 
This  reach  is  recomm, ended  for  a Valley  Preserve;  its  lenrth  along  the  axis  of 
the  preserve  is  some  23  m.iles.  Plate  2-18  shows  the  outline  of  the  flood 
plain.  The  Valley  f'reserve  wou I d follow  its  outline  as  closely  as  property 
lines  lend  themselves  to  it. 

The  flood  control  reservoir  at  Site  22  (Labarge)  would  extend  from 
this  part  of  the  Valley  Preserve  dov'^nstream  to  the  dam,  one  Quarter  mile  north 
of  Labarge.  Prom  this  dam  the  Thornapclo  flows  due  north  to  its  confluence 
with  the  Grand  Piver.  This  part  is  also  throuch  hilly  undulatory  countr'/s  i de; 
the  primary  banks  of  the  channel  vary  from  If)  to  20  feet  in  height,  the 
flood  plain  is  flat  and  varies  from  400  to  1,000  feet  in  width,.  As  is 
typical  in  this  basin,  numerous  creeks  discharee  into  the  Thornapple  from, 
both  sides,  flood  plain  soils  are  deep  sands  of  low  fertility  and  poor  water 
retention.  This  reach,  which  is  about  31  miles  lone,  is  also  recommended 
as  a Valley  i’reservc.  It  is  outlined  on  Plate  G-58.  Together  with  the  upper 
reach,  these  two  constitute  Valley  Preserve  IX.  There  arc  several  comrunities 
of  varyinq  size  and  scattered  population  alonn  this  reach,  of  which  some  are 
in  fhe  flood  plain.  Valley  Preserve  IX  is  presented  on  Plate  C-18. 

i.  Plat  Piver  Valley  Preserve  (riumber  X).  The  Flat  Piver  is 
one  o'  'he  more  important  tributaries  of  the  ^rand  '"iver,  and  has  three 
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state  game  areas  along  its  cx)urse.  The  part  of  the  river  under  cons i derati on 
extends  from  the  southern  boundary  of  the  Lancston  State  ^-ane  Area  in 
Pine  Township  at  “'ontcalrr  County  to  the  confluence  with  the  ^rana  'Tver, 
mile  70.2,  at  Lowell.  Prom  the  Pi  ne-''ortca  I m Township  Line  in  ‘'c^*tcalr 
County,  1-1/2  miles  southwest  of  Langston,  the  ''lat  ^ivcr  flows  in  a wide 

meander  to  the  west  and  back,  ID  miles  south  through  'Greenville  to  the  'lat 

River  State  Pare  Area.  Emerging  from,  the  latter,  the  river  continues  south- 
west in  a meandering  course  throunh  Beldinn,  skirtinn  the  LowcT  I State  '''amr- 
Area,  and  through  Lov/el  I to  the  Crand  Pi  ver.  Several  r.inor  creeks  flow  into 
the  stream  alone  the  way.  It  is  recommended  that  this  reach,  cxcludino  the 

Plat  River  State  Tame  Area,  be  a Valiev  '’reserve.  Considerinc  the  croperty 

lines,  it  appears  that  the  two  parts  above  and  below  the  name  area  would  total 
about  15  miles  in  length.  Topographical  surveys  of  this  area  have  not  been  ni,-.<go. 
The  area,  outside  of  Lowell,  is  thinly  populated.  The  outline  of  the  Valley 
Preserve  is  on  Plate  0-19. 

j.  Lookinaalass  River  Valley  Preserve  (humber  vl).  The  part  of  the 
Lookingglass  River  under  consideration  here  lies  wholly  in  Clinton  County. 

From  Lainnsburg  at  the  C I i nton-Sh i awassee  County  Line,  the  Lookincglass 
flows  in  an  irregular  path,  20  m.iles  west  and  A-1/2  miles  south,  to  a point 
2 miles  east  and  1/2  mile  north  of  Eagle.  This  is  the  eastern  extremitv 
of  Reservoir  Site  5I  (Portland),  ’'any  creeks  drain  into  the  river  on  hotn 
sides.  From  Laingsburg,  the  river  flows  west  throuch  a marsh  f riles 
wide  and  the  adjacent  lands  then  become  hilly  with  moderate  relief;  the 
surrounding  hills  arc  some  50  feet  above  the  stream  and  have  cent  I e slopes. 

At  the  upper  part  of  the  reach  the  flood  plain  broadens  at  the  marsh  to  five 
miles  wide,  then  constricts  to  500  to  800  feet  in  width  through  hi  I lv  countrv- 
side.  Loam,  sandy  loam,  and  silty  loam  constitute  the  flood  plain  sells. 

Few  people  have  settled  here  outside  the  comm.unities  of  Wacousta  and  '''e..itm. 

The  Outline  o'  the  flood  plain  and  Val  ley  Preserve  is  shown  on  iTati'  (,'-20. 
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K.  ‘^ed  Cedar  River  Va  I I gv  f'reservo  (f^umbcr  XII).  This  river  is  a 
najor  tributary  of  the  ''rand  T>i  ver.  Downstrear  fror^  Peservoi  r Site  2 (th( 
Red  Cedar  Complex)  the  fed  Cedar  River  meanders  to  the  north,  then  to  the 
south,  then  reverS i ng  its  course  sweeps  north  again  to  its  confluence  with 
the  Prand  River  in  the  southern  part  of  Lansing.  This  reach  is  rccorrmendec 
for  a Valley  Preserve.  Several  creeks  drain  into  the  Ped  Cedar  Pi ver  from 
both  sides.  The  country  through  which  it  flows  is  undulatory,  with  gentle 
slopes;  hills  rise  50  feet  on  either  side  with  intermittent  swamps  inter- 
vening. The  broad  flood  plain  here  has  commercial  and  institutional 
development  and  is  thickly  populated.  The  proposed  Valley  Preserve  is 
outlined  on  Plate  C-21 . 

I . Sycamore  Creek  Valley  Preserve  (Number  XIII).  Sycamore  Creek 
originates  in  Section  20  of  Vevay  Township,  Innhami  County,  i'rom  here,  at 
elevation  900  feet,  it  winds  a meandering  course  northwest  through  '‘ason 
to  its  confluence  with  the  Red  Cedar  River  southwest  of  Lansing.  The 
countryside  rises  from  the  creek  on  gentle  slopes  to  surroundinn  hills 
as  much  as  100  feet  high,  '"any  creeks  originate  in  these  hills  and  flow 
into  Sycamore  Creek  on  both  sides  throughout  its  course,  ''arshes  exist 
throughout  the  flood  plain  of  the  creek.  The  flood  plain  is  extensive 
and  irregular  with  a sizeable  arm  extending  along  Mud  Creek.  It  is 
recommended  that  this  f lood  plain  be  a preserve  for  f i sh  and  wildlife  - 
somewhat  more  limited  in  use  than  the  entire  concept  of  a Valley  Preserve. 
The  proposed  Valley  Preserve  is  outlined  on  Plate  Q-22. 

Cl.  Summary  of  Suggested  Watershed  Protection  and  Hood  Prevention  (PL-5Pf->) 
Programs . 

a.  Introduction.  This  program  provides  a project-type  approach 
to  soil  and  water  resource  development,  use,  and  conservation.  F roper 
land  treatment  is  the  basic  element  of  watershed  projects,  and  is  consi- 
dered as  the  initial  increment  in  project  formulation.  Structural  measures 
operate  in  conjunction  with  land  treatment  mearures  to  achieve  project 
object! ves . 
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This  Study  has  identified  I4  watersheds  with  potential  for 
development  w i th  in  the  next  lO  to  1 5 years  (Table  III-5,  Table  IM-6, 
and  Plate  Q- I ) . Those  watersheds  may  be  developed  if  sponsored  hy  oualified 
local  groups.  The  evaluation  of  these  watersheds  was  based  on  the  raximur 
potential  development.  The  scope  and  purpose  of  these  projects  will  be 
dependent  upon  the  desires  of  the  local  sponsoring  organizations. 

I nvest i eat i ons  also  identified  28  watersheds  with  poten+ial  *nr 
future  development  (Table  II1-7,  Table  I11-8,  and  Plate  Q-l).  These 
would  be  justified  primarily  through  bringing  new  land  into  aoricultural 
production,  and  may  become  feasible  with  a growing  demand  for  food  and 
fiber  in  the  future. 

b.  Nonstructura I Improvements.  4 program  of  nonstructura I irprcverents 
is  essential  to  the  proper  functioning  of  a watershed  project.  Lard  treat- 
ment measures  wil I reduce  surface  water  runoff,  erosion,  and  sedimentation 
which  would  adversely  affect  the  construction,  operation  and  rainten;>nce 
of  the  proposed  structural  works  of  i m.provcment. 

These  measures  would  be  applied  through  an  accelerated  crograr  o‘ 
assistance  to  watershed  landowners.  This  technical  assistance  would  be 
P''Ovided  through  soil  conservation  districts  by  the  Soil  Conservafior  Service 
and  the  ‘Mchigan  Department  of  Natural  Pesourcos  in  cooperation  with  the 
Forest  Service.  This  accelerated  program  would  bo  in  addition  to  conserva- 
tion programs  available  under  other  authorities. 

The  land  treatment  measures  would  be  installed  by  the  land  owners. 
The  estimated  costs  are  total  installation  costs  and  do  not  reflect  cost- 
sharing assistance  which  might  be  available  through  other  pronrams.  The 
cost  of  technical  assistance  in  the  I4  potential  watershed  areas  proposed 
for  early  action  is  estimated  to  bo  $000,000  for  the  Soil  Conservation 
Service  and  $IPI,700  for  the  Forest  Service  (Table  I11-9). 

The  proper  treatment  of  cropland  and  pasture  land  In  watershed 
projects  would  help  control  erosion  and  eliminate  unfavorable  soil  conditions. 

Cropland  treatment  would  involve:  (I)  water  control  measures, 

sudi  as  terraces,  waterv/ays,  and  field  diversions,  (2)  measures  to  protect 
the  soil  from  erosion  and  to  Increase  infiltration  rates,  such  as  strip 
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TABLE  III-6  - SUMMARY  OF  UPSTREAM  AREAS  WITH  POTENTIAL  FOR  EARLY  DEVELOPMENT  (10-15  YEARS)  - ECONOMIC  DATA 


TABLE  III-7  SUMMARY  OF  UPSTREAM  AREAS  WITH  POTENTIAL  FOR  FUTURE  DEVELOPMENT  - PHYSICAL  DATA 
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TABLE  1 1 1-8  SUMMARY  OF  UPSTREAM  AREAS  WITH  POTENTIAL  FOR  FUTURE  DEVELOPMENT  - ECONOMIC  DATA 

Grand  River  Basin,  Michigan 
(Dollars) 


TABLE  III-9  COST  OF  ACCELERATED  LAND  TREATMENT  PROGRAM  FOR  FOURTEEN 
IIPSTRFAM  ARFAS  WITH  POTENTIAL  FOR  DEVELOPMENT  BY  1986 

Grand  River  Basin,  Michigan 


Watershed 

Watershed 
A rea 

Land 

Treatment 

Installation  Cost 

1/ 

C rop land 

Pa  sture 

Forest 

Misc . 

Total 

(Acres) 

(Dollars) 

TYvin  Lakes 

3,466 

38,100 

7,500 

2,100 

1,900 

49,600 

F re eman -Marsh 

5,U0 

66,400 

11,000 

1,900 

2,900 

72,200 

Huntoon  Lake 

7,424 

81,800 

16,000 

700 

4,200 

102,700 

Per  1*7  Creek 

0,666 

73,400 

14,000 

3,400 

3,7  00 

94,600 

Bly  Lake 

7,4PF. 

82,600 

16,200 

2,800 

4,200 

106,700 

Eaton  Gap ids 

8,7  04 

96,000 

18,800 

3,600 

4,900 

123,100 

Upper  Coluirbia 

11,712 

129,000 

26,000 

7 , 009 

6,600 

167,900 

Portage  River 

118,012 

1,408,100 

156,000 

61,600 

66,900 

1,692,500 

Prairie  Creek 

20,440 

324,400 

63,500 

20,800 

16,6  0 ) 

426,300 

Libhart  Creek 

10,044 

124,200 

23,600 

6,':  00 

6,200 

169.4 00 

Upper  Maple 

195,400 

1,342,800 

107,900 

17,600 

20,100 

1 ,488, 300 

Mayvtforth  Creek 

69,840 

266,000 

31,600 

2,6  00 

9,700 

310,700 

Stony  Creek 

113,984 

1,373,600 

146,900 

36,100 

64,200 

1,609,700 

Rogue  River 

24,266 

267,300 

62,300 

26,900 

13.700 

360,200 

Subtotal 

603,300 

5,664 , 300 

689,500 

192,200 

226,800 

6,771,800 

Technical  Assistance 


Soil  Conservation  Fjervice 
Federal-State  Cooperative  Forestry 
Total 


sun, non 
1.01. 7 an 

7,703,600 


1 Price  Base 
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cropping,  contouring,  cover  crops,  conservation  cropping  systen-' , 
minimum  tillage,  and  management  of  crop  residues;  (3)  farm  drainanc- 
systems;  (4)  irrigation;  (5)  gully  control  measures;  and  (6)  convetsion 
of  cropland  to  grass  or  trees.  Within  the  I4  potential  waterstied^ , 

107,600  acres  of  cropland  wo\sld  be  adequately  treated  at  an  estimated 
installation  cost  of  $5,664,300. 

Pasture  land  treatment  measures  would  include  pasture  ard  hay- 
land  planting,  pasture  and  hayland  renovation,  and  farm  Jrainnoo  -yster’'. 
Within  the  14  potential  watersheds,  20,000  acres  of  pasture  land  wr.l'i 
ie  treated  at  an  estimated  installation  cost  of  $689,500. 

The  treatment  program  on  forest  land  would  involve  greater  tecnnical 
assistance  by  State  and  Federal  agencies  in  assisting  private  land  owners 
witii  the  management  of  their  land.  The  hydrologic  condition  could  I.  a 
improved  or  protected  by  proper  planning,  by  using  the  forest  land  as 
a renewable  resource,  and  by  applying  various  treatment  measures.  These 
measures  would  include:  tree  planting;  hydrologic  stand  improvemen-^ , 

including  thinning,  weeding,  and  sanitation  cutting;  protection  from 
livestock  grazing;  and  protection  from  overcutting  and  excessive  logging. 
Forest  fire  protection  would  continue  throughout  the  Basin,  furnished 
by  the  Michigan  Department  of  Natural  Resources  in  cooperation  with 
the  United  States  Forest  Service  under  the  Cl arke-McNary  Cooperative 
Fire  Control  Program.  Within  the  14  potential  watersheds,  I2,o00  acres 
Of  forest  land  would  be  adequately  treated.  This  figure  includes  multiple 
treatment  of  some  acres.  The  total  accumulated  area  of  Individual 
measures  to  be  applied  would  be  27,200  acres  at  on  estimated  installation 
cost  of  $1 92,000. 

Treatment  of  mi  seel  I aneous  land  is  needed  to  control  erosion  »*nd 
reduce  sedimentation.  Generally  this  treatment  will  involve  planting 
grasses  and  trees.  Within  the  14  potential  ear  I \-act ion  watersheds, 

8,400  acres  of  miscellaneous  land  should  be  treated  at  an  estimated  cost 
of  $225,000. 


c.  structural  Improvements.  Normally  not  all  watershed  needs 
can  be  met  solely  by  land  treatment.  Problems  such  as  flooding  and 
impaired  drainage  usually  require  structural  measures  for  adequate  relief. 

In  the  watershed  program,  waterflow  control  measures  are  planned  to 
operate  as  a system  in  conjunction  with  land  treatment  measures. 

Floodwater  retardation  is  the  primary  consideration  in  designing 
a system  of  waterflow  control  measures.  Channel  improvement,  -floodways, 
or  diversions  are  considered  supplementary  to  floodwater  retardation 
except  where  necessary  to  achieve  project  objectives  at  a reasonable  cost. 

The  primary  watershed  needs  in  the  Basin  are  flood  control  and 
improved  agricultural  drainage.  These  problems,  as  well  as  the  general 
lack  of  adequate  floodwater  retention  sites,  require  that  channel  improve- 
ment be  utilized  for  waterflow  control.  Within  the  14  potential  watersheds, 
208.3  miles  of  multi-purpose  (flood  prevention  and  drainage)  channel 
improvement  are  proposed  (Table  MI-8). 

In  addition,  two  multi-purpose  structures  are  proposed  in  the 
Upper  Maple  River  Watershed.  These  structures  will  operate  in  conjunc- 
tion with  channel  improvement  to  reduce  flooding,  and  will  also  provide 
surface  water  area  for  recreational  use. 

Structure  109,  with  a recreation  pool  of  235  surface  aches, 
would  be  managed  for  extensive  use  with  fishing  as  the  major  activity. 

Peak  daily  use  is  expected  to  be  3,200  visitors.  Structure  NO  would 
have  a recreation  pool  of  412  surface  acres.  The  primary  activities 
would  be  swimming,  picnicking,  camping,  boating,  hiking,  active  games, 
and  nature  study.  Peak  dailv  use  is  estimated  to-be  20,500  visitors. 

These  developments,  located  in  the  Lansing  Subarea,  would  fill  a need 
f'  r water-re  I ated  outdoor  recreafion  facilities  in  the  area  of  greatest 
demand . 

The  installation  cost  of  fhese  proposed  structural  measures 
within  the  14  potential  watersheds  is  estimated  to  he  M8,782,300 
(Table  I I 1-9).  Under  provisions  of  the  Watershed  Protection  and  Flood 
Prevention  Act  (PL-5f-6) , qualified  local  sponsors  would  ho  - liaiMe  for 
te-hnical  assistance  for  the  design,  and  cost-sharing  ass  i ■.  I for  fr<' 

toirsfrui  Mon,  of  these  structural  measures. 
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7 . ',Vater=;hGcJs  Sugccsteg  for  Developr.cnt  riy  107^. 

a.  Upper  Colupibia  Creek.  This  waTersheo  is  a tributary  to  v i 'rar.o 
h’iver,  draininc  18.3  scuare  riles  (11,01?  acres)  of  Iruihar  fourty.  T- r 
area  lies  in  the  Inohar  Sci  I Conservation  Pistrict,  and  has  Mcchi'-  ■ 
inadequate  drainage  on  2,546  acres  (1,527  acres  of  rineral  sci I and  l,'l' 
acres  of  ornanic  soil).  There  are  no  potential  floodwatcr  rftardatlor 
sites  in  the  watershea.  The  works  of  irproverrnt  needed  for  t'-c  w 
include  7.6  riles  of  channel  irproveront.  '.vatershed  acveloprent  .■■■•.jI'’ 
provide  both  flood  daraoe  reduction  and  draina''c  benefits. 

b.  f^ortaae  Pi  ver . This  watersaec  has  a drainacr  area  of  I ' ' . • 
square  riles  (119,912  acres)  in  Inghar,  Jackson,  and  Vas‘' tenaw  CounT  I r - . 

The  works  of  irproverent  would  be  within  the  Jackson  County  Soil  ''or' '-rv  :t  i o 
District,  '“loodinf;  and  inadequate  dra inace  arc  a prop  1 (if  cn  O.ji'h  acres 
(3,420  acres  of  rineral  soil  and  4,h/.0  acres- of  ornanic  soil).  •■|''.'cir- 

is  the  prirary  probler  on  7,100  of  the  ;'’,3''0  acres.  There  ire  re  .| 

floodwatcr  retardation  structure  sites  in  the  watershed . Chanre I irperverfr 
is  needed  on  21.5  riles  of  channel,  except  that  I'.l  riles  of  c'' ;rrel 
irproverent  or  the  brand  i ver  below  its  confluence  wit*'  tm-  ■' r rt --r  ' I v'T 
would  not  be  required  if  the  Jackson  '-eQf.rvoir  Corplex  '.•’err  to  :<■  r jc ■ 

6 purp  station  would  be  required,  however,  to  provide  an  adequ  ite  c • I * 
for  the  Cortacr  Diver. 

c.  Upper  '‘apl  c Pi  ver.  This  watr-rshcrl  dr-iins  31?  s uarc  ’•  1 1 1 ' 

(199,680  acres).  The  watershed  has  already  been  auth'' r 1 red  : u;  li^ 

Law  5CC  plannir.  :,  and  a watershed  ■.-.■ork  plan  was  prepared  in  -u:  • I 

The  boil  Consfrvation  Districts  and  County  ''rain  Jorr  i ss  i onr  rs  r‘  ■’  I I • • •, 

Cratict,  and  Jniawassec  C-ounties  and  t‘ie  ■'i:l<-  fiver  I r^ter-  . ur  tv  r,- i r • 

boara  are  the  sponsors.  There  are  flooding:  and  inadequeite  cralr.j  i 
problems  on  28,860  acres  (?4,470  acres  of  rin(>r.)l  soil  and  icr. 

of  ornanic  soil).  ' kjodine  is  the  prir.iry  probler  on  1 r ^ *,o;'  ,<  e ( 

23,660  acres.  Irprovcrents  for  drainase  and  flood  control  , 1 4 . "lies 
of  channel  improvement  with  levees,  and  four  purpi  nc  stations  wit''  ci  lli.- 
tion  ditcfics  are  proposed.  ?5.0  mile  multiple  purpose  (ficod  privn- 
tion  and  drainaqe)  channel  extending  from  the  upper  portion  c*  ■‘ii  "qh 
l;i  ver  to  approx  1 mijtel  y one  r i I e be  low  the  vi  I I ase  of  ['up  I a i n , .im  d I ' mil.-. 
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of  multiple  purpose  channels  on  the  main  stem  tributaries,  are  also  pro- 
posed. Works  of  improvement  for  the  main  stemi  of  the  Maple  River  below 
Bannister  would  include  14.4  miles  of  channel  i mprovemrjnts  with  levees  to 
provide  a floodway  from  Bannister  to  U.S.  Highway  27.  Four  electric-driven 
pumping  stations  with  collection  ditches  would  be  located  in  this  area  to 
pump  water  from  adjacent  areas  into  the  floodsay.  Watershed  development 
would  provide  flood  damage  reduction,  drainage,  and  recreation  benefits. 

I'he  Upper  Maple  Rivet  Watershed  project  was  approved  by  Congress  in  1971; 
final  designs  are  now  under  preparation. 

d.  Hayworth  Creek.  This  tributary  to  the  Maple  River  drains 
93.4  square  miles  (59,776  acres)  of  Clinton  County.  The  area  lies  in 
the  Clinton  County  Soil  Conservation  District,  and  has  flooding  and 
inadequate  drainage  on  4,382  acres  (2,432  acres  of  mineral  soil  and  1,950 
acres  of  organic  soil).  The  flat  topography  of  the  upper  portions  of 
the  watershed  eliminates  the  possibility  of  using  upstream  structures  for 
floodwater  retardation.  Works  of  improvement  needed  for  the  watershed 
consist  of  14.0  miles  of  channel  improvement.  Watershed  development 
would  provide  both  flood  damage  reduction  and  drainage. 

e.  Stony  Creek.  This  watershed  drains  178.1  square  miles 
(113,984  acres)  of  Clinton  and  Ionia  Counties.  The  area  is  primarily 
in  the  Clinton  County  Soil  Conservation  District.  There  are  flooding 
and  inadequate  drainage  problems  on  8,245  acres  (7,221  acres  of  mineral 
soil  and  1,024  acres  of  organic  soil).  Flooding  is  the  primary  prollem 
on  2,227  acres. 

f.  Roque  Ri  ver  . Tii  i s watershed  drains  37.9  square  miles 
(24,756  acres)  of  Newaygo  and  Kent  Counties,  and  has  inadequate  drainage 
and  flooding  on  3,100  acres  of  fertile  organic  soil.  Due  to  the  flat 
topography  of  the  watershed,  there  is  no  possibility  of  usin(i  structures 
for  floodwater  retardation.  High-valued  vegetable  crops  such  as  onions, 
red  beets,  and  carrots  are  grown.  Channel  improvement  is  needed  on 
10.6  miles  of  channel.  Works  of  improvement  are  needed  primarily  within 
the  Newaygo  Soil  Conservation  District. 
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■ 8.  Watersheds  Suggested  for  Deve I op'^ent  by  l9Bn. 

Twin  Lakes  Drain.  This  tributary  of  the  Grand  River  drains 
5.4  square  miles  (3,456  acres)  of  Jackson  Cc'unty.  The  area  lies  in  the 
Jackson  (bounty  Soil  Conservation  District  and  has  flooding  and  inadequate 
drainage  on  1,062  acres  (265  acres  of  mineral  soil  and  797  acres  of 
organic  soil).  There  is  no  possibility  of  using  a floodwater  retarding 
structure  to  prevent  flooding  in  this  watershed.  The  watersfied  needs 
5.3  miles  of  channel  improvement.  Watershed  development  would  provide 
both  flood  damage  reduction  and  drainage  benefits. 

Impoundment  structure  site  No.  130  at  the  lower  end  of  the  water- 
shed would  have  potential  for  fish  and  wildlife  and  for  recreation. 
Installation  of  this  structure  would  inundate  portions  of  the  proposed 
channel  improvement  in  the  Twin  Lakes  Drain  watershed. 

b.  Freeman  Marsh  Drain.  This  watershed  drains  8.0  squir^ 
miles  (5,120  acres)  of  Ingham  and  Jackson  Counf.es,  and  has  flooding 
and  inadequate  drainage  on  1,225  acres  of  organic  soil.  The  toponraphy 
of  the  watershed  precludes  the  use  of  structures  for  floodwater  retarda- 
tion. The  watershed  needs  7.2  miles  of  channel  improvement.  Watershed 
developrjenf  would  provide  both  flood  damage  reduction  and  drainage  benefits. 
The  works  of  improvement  ore  needed  primari ly  within  the  Ingham  Soil 
Conservation  District. 

c.  Huntoon  Lake.  This  watershed  includes  tributaries  of  Huntoon 
Creek  (a  tributary  of  the  Grand  River)  and  drains  11.6  square  riles 
(7,424  acres)  of  Ingham  and  Jackson  Counties.  The  area  lies  primarily 

in  the  Ingham,  Soil  Conservation  District  ard  ha''  flooding  and  inadequate 
drainage  on  1,207  acres  (511  acres  of  mineral  soil  and  6J('  acres  of  organic 
soil).  There  is  no  possibility  of  using  ,i  floodwater  r-'t.itdin')  trurture 
in  this  watershed. 

d.  F’erry  Creek.  This  watershed  has  a drainacio  ..rea  of  10.4 
square  miles  (6,u56  acres)  in  lngh,am  County.  Thi-  ar’-a  lies  in  the 

Ingham  Soil  (Conservation  District.  If  ha-  flooding  ,:nd  inadequ.ite  drainaar 
on  3,251  acres  (l,53i  acres  of  mineral  -'loil  and  l,7lh  a' tf  . ;.f  onj.inic 
soil).  The  flat  topography  of  the  watershed  preclude''  the  use  of  flood- 
water  retarding  structures  for  flood  prevention.  T‘,c  w.ater  I’c'd  no(>d 
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5.3  miles  of  channel  i mprovr-mon f . Watershed  development  would  provide 
both  flood  damage  reduction  and  drainage  benefits. 

e.  Bly  Lake.  This  watershed  has  a drainage  area  of  11.7  square 
miles  (7,488  acres)  in  Eaton  County.  The  channel  in  this  watershed 

is  a tributary  of  Spring  Brook  which,  In  turn,  is  a tributary  of  the 
Grand  River.  The  area  lies  in  the  Thornapp I e-Grarid  Soil  Conservation 
District,  and  has  flooding  and  inadequate  drainage  on  2,669  acres 
(1,302  acres  of  mineral  soil  and  1,367  acres  of  organic  soil).  The 
topography  of  the  watershed  precludes  the  use  of  structures  for  flood- 
water  retardation.  The  watershed  needs  8.8  miles  of  channel  improvement. 
Watershed  development  would  provide  both  flood  damage  reduction  and 
dra i nage  benef i ts . 

f.  Eaton  Rapids.  This  watershed  includes  two  small  tributaries 
to  the  Grand  River  in  Eaton  Cbunty  having  a drainage  area  of  13.6  square 
miles  (8,704  acres).  The  area  lies  in  the  Thornapp I e-Grand  Soil  Conser- 
vation District,  and  has  flooding  and  inadequate  drainage  on  1,813  acres 
(1,321  acres  of  mineral  soil  and  492  acres  of  orqanic  soil).  The 
topography  of  the  watershed  precludes  the  use  of  structures  for  flood- 
water  retardation.  The  watershed  needs  8.^  miles  of  channel  improvement. 
Watershed  development  would  provide  both  flood  damage  reduction  and 

drai nage  benef i ts . 

g.  Pra i r i e Creek . The  area  proposed  for  development  is  limited 
to  the  land  drained  by  the  upper  reaches  of  Prairie  Creek,  a tributary 

of  the  Grand  River.  The  watershed  drains  46  square  miles  (29,440  acres) 
of  land,  mostly  in  Montcalm  County  but  partly  in  Ionia  County.  The 
watershed  has  flooding  and  inadequate  drainage  on  3,001  acres  (2,386  acres 
of  mineral  soil  and  615  acres  cf  organic  soil).  There  are  no  potential 
floodwater  retarding  structure  sites  in  the  watershed.  The  watershed 
needs  8.4  miles  of  channel  improvement.  The  works  of  improvement  would 
be  in  the  hfontcalrn  Soil  Conservation  District. 

h.  Libhart  Crook.  This  watershed  is  at  the  upper  end  of  lihhart 
Creek,  a tributary  to  the  Grand  River.  The  watershed  drains  17.1  square 
miles  (10,944  acres)  in  the  Ionia  County  Soil  Conservation  District. 
Flooding  and  inadequate  drainage  occur  on  1,(576  acres  (1,039  a^  res  of 
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mineral  soil  and  637  acres  of  organic  soil).  The  flat  topography  of  the 
watershed  eliminates  the  possibility  of  structures  for  floodwater  retardation. 
Channel  improvement  is  needed  on  B.4  miles  of  channel.  Watershed  development 
would  provide  both  flood  damage  reduction  and  drainage  benefits. 

9.  Investigation  of  Impoundment  Sites. 

a.  Screening  of  tfeservoir  Sites.  The  Corps  of  Engineers  and  the  Soil 
Conservation  Service  inventoried  79  and  132  potential  reservoi r sites,  respect- 
ively. In  identifying  the  sites,  use  was  made  of  (I)  a list  of  dams  prepared 
by  the  Michigan  Department  of  Natural  Ffesources;  (2)  a Corps  of  Engineers 
report  (House  Document  No.  80,  73rd  Congress,  1st  Session)  prepared  under  the 
provisions  of  House  Document  No.  308,  69th  Congress,  1st  Session;  (^)  a report 
by  the  Federal  Power  Commission;  and  (4)  a Michigan  Water  Resources  Commission 
report  on  the  Upper  Grand  River  basin.  United  States  Geological  survey  and 
Army  Map  Service  data  were  also  used  for  this  purpose.  Individual  cost  esti- 
mates were  made  for  many  of  the  sites  inventoried,  particularly  those  that 
appeared  to  have  substantial  engineering  and  economic  feasibility.  A water 
surface  elevation-surface  area-sforage  volume  relationship  was  developed 
and  used  in  connection  with  determining  estimated  costs  of  developing 
J»iffe''ent  alternative  reservoir  plans  considered  for  each  site.  Major  items 
of  cost  considered  included  (I)  required  land  (fee)  that  would  be  inundated 
and  a 300-foot  strip  and  other  land  that  would  require  easements;  (J)  high- 
ways, railroads  and  related  facilities  including  bridges,  and  buildings  that 
would  be  relocated  or  removed;  (3)  clearing  and  grubbing  of  proposed  reservoir 
sites;  and  (4)  the  dam,  spillway,  and  dikes.  Preliminary  cost,  hydrolcqi', 
and  related  data  concerning  the  potential  reservoir  sites  inventoried  by 
the  Corps  of  Engineers  and  Soil  Conservation  Service  are  presented  on  pages 
111-48  thru  111-59.  A preliminary  cost  estimate  showing  all  th<'  items  of 
cost  taken  into  consideration  for  the  proposed  Portland  Reservoir  site  is 
presented  in  Table  111-21.  Similar  cost  estimates  were  prepared  for  the 
other  potential  sites  discussed  on  pages  t 1 I -60  thru  111-102.  Plates  0-'^9 
thru  0-64  show  the  locations  and  plans  of  the  potential  reservoir  sites 
that  would  be  developed  as  part  of  Plan  A. 
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Table  111-12 


PURPOSES  WHICH  COULD  BE  SERVED  BY 
DEVELOPMENT  OF  SPECIFIED  SITES 
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1 . lr^>p<iiij',lrM'  'it  '' i r.U(;(|es  tt^d  fm'  t i ';,it  ^ r.  \ n-  . 

' The  iipp)nr  ''r.irK!  Ri  y^-r  Re'^orv'j  i r - tc''  . Ti  • ■ !(;[.■  t 

‘ fin)  ■ ivr  Reservoir  Systern  would  br  corr.pri - f ) h,.  , . .1  ' ( ..'rv'  ir 
mpb'v  .irr!  o Red  Rodor  Reservoir  Complex  cons  i .1  i r.  i -'f  ivdrrujli  ‘r'o*-sr 
t t.il  im  ■■  i X reservoir;  .inr]  six  dem'  . 

Th.;  ,l  ),  kson  reservoir  compli.x  would  be  compri'  '>ii  ,.f  itr-  --r'  - ir  ; 

i I'.'  lo'.v.'r,  middi  , end  u()per  pool  ; end  would  I -'  I;;  nted  o'  ’i"'  r ■■  ■ 

j ' iver  ,ind  on  Sandstone  (Tro^k  nt  the  confliK^nro  of  the  fw  tr-  . i' 

• fluenoe  i'j  about  I C riles  ips'rear;  rjf  tiie  ,f  faio  i i i- 

, i I'.pkitu^  Center  i"  du^  n 'eiul/.  Ttie  lower  poi  I , .•dii-  h hi  >.f  •.  [n- 

! the  Onondaaa  Pe  u-rvt  i r , wru:  I tl  l r-  on  The  ' -rand  i-iver  ar  t w<  > , | d t . ■ 

fo  provide  for  flood  lentrol  at.d  watep  qual'ty  'ef.!  . TI.-  re  'r 

would  also  ho  used  a-  a wiTer  ■■upply  s<'uirce  for  rumi.ip-'  i'ei  !-!••  "idril 
p'sl.  It',  maximum  pool  el''Vtitiot,  would  re  -lOS  t..o  u , , |,v  1. 

Thie  niiddle  pool,  calle;.!  ' ird'.tene  Re.-epyoir,  wo.,  1 ,!  Le  or'  .it-:  lons’  ir...,. 
uiid  would  bo  u -od  ,r;.  an  upl.Vid  storaeo  re''.ervoir  +o  prrivide  for  w.uter 
'.."jality,  recronfian,  a^  d fi-.h  and  wil  .ilift.'  needs.  Th  , ,tind‘ t.-.(,e  R'eserv  i ■■ 
weuld  have  a maximum  pool  levatlor  of  nhO.  The  upp-  r po(,l,  (t  ■ i i'.;,t,-d 
i the  Minard  Reservoir,  would  t;e  loratod  immediately  up'.lr'vr'.  of  t'n 
'".iddia  pool  oii  Sandstone  'reek  <}rid  would  Ik->  used  to  provid*'  f’  r ("■  r i- 
tion  and  fish  and  vvildlife  needs.  Ttio  Minar.l  Ro'^orvoir  wumld  h.iv  ■ i 
riixirnijri  pool  ‘■'levation  of  'hO. 

R(  1.0,0'.  from  the  Iijwi't  rin(i  rnidiflr:  pools  would  hr'  m.adi  duriru;  f'ei  i 
of  low  flows  to  increase  ttio  water  supply  and  to  improve  ‘-'.o  w ;h.  r 
luality  of  the  stream.  Tho  combined  utnrncu'  capacity  of  thrO'.  poc'l 

■m.pri  inc,  thi^  Jack";on  Reservoir  Complex  would  b"  i-',”'.  r.  - ■ . ■ 

'.vate-r  haviriij  a surface  <aren  of  M.dOO  arro's,  I '■  order  to  mnr,f,-iir.  a ' i • 

di  .solved  oxyqen  content  in  the  ttireo  pool-,  the  r'  lor.ati  ■ of  tu--  . il\ 

■ f -laci''..on  rand  .laokscan  Mate  iri  .on  '.ewane  tre.atment  plat  I outf  ill 
would  Tie  roquire-'.  tfivinq  th<.‘  oi,tfal|-.  relocatod  di  wn.tr- m"  f ti-  ■ pr  - 
po  ,e<i  ren-'rvoirs  would  r*“o,lt  In  a two-fold  to'.efit:  fir-  ■''?  n ro.-'i  ' 

r 'I  fi'.h  and  wildlife  needs  wmild  hi'  provided  in  tin  | -w  r r"--  I:  i’ d 
• end,  the  pellulional  eff.rct  of  the  river  down--,  f r- -.jm  of  t'-i'  , .-ifiM 
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would  be  alleviated  since  low  flows  would  be  aunrented  as  a result  m 
releases  fron  tbe  reservoirs.  The  general  arranccrcnt  of  the  'arksor 
f^eservoir  Corplex  is  snown  on  T’l  ate  ’'-'5^.  Data  pertaininr  to  pool  r-lr— 
vation,  storage  voluno  and  surface  area  for  the  cools  are  rresentei'  I - 
Tab les  I I I- I 3 thru  I I I- I 5. 

The  water  ;uality  perytits  '+  JacKsor  are  t ased  on  bavin  - 
of  Jackson  ana  Jackson  Ptate  ri-^or  sowace  treatrert  plen*  c'‘luf"ts 
discharoed  to  the  ''ranc  ‘ i vc  r dowrstrean-  o*  proposed  •''rr.pd'-  • '•■•srrv.  'r 

dan  where  low  flow  ’u- rertation  would  br-  rrrvi  ’o'.  /■  uoren-*  ■ ^ ^ I 

flows  would  avert  an  expenditure  of  1 1 , f , 'lOO  row  and  I” 

1995  for  i ncren-f  n+a  I advanced  was*c  trea+nent  ccs*s  at  Jackson.  T'.r- 
average  annual  operatien  jnc  ",i  i ntorance  costs  of  the  incroier.tel  ‘'/p- _<d 
waste  treatn-ent  would  be  3212,  averaoe  annual  cost  averse', 

and  therefore  the  average  annual  benefit,  would  be  ! 33d, '.00. 

The  Cedar  reservoir  corplex  wruld  be  corprised  of  three  roscr-./oir 
pools  located  on  the  '‘'ed  Cedar  bi  ver  upstrear  cf  East  Larsin^:  arc  or  o.-r 
Creek  in  the  vicinitv  of  the  corrunity  of  -'tke-ros.  The  procos(-d  ''ed 
Cedar  ^eservoir  Corplex  would  include:  the  lower  pool,  ^ker-ns  feservri', 

would  be  on  the  main  stem  of  the  river;  the  middle  pool,  Williamston 
Reservoir,  would  be  on  the  main  stem  of  the  river  upstream  of  Okemos  and 
the  city  of  Williamston;  and  the  upper  pool,  Doan  Creek  Reservoir,  would 
be  on  Doan  Creek,  a tributary  of  the  Red  Cedar  River  just  upstream  of 
Williamston.  Data  concerning  pool  elevation,  storage  volume  and  surface  are 
tor  the  pools  are  presented  in  Tables  111-16  thru  111-18.  Plate  ,-TO  -how-, 
general  location  of  the  proposed  r\od  Cedar  Reservoir  Complex. 

The  lower  pool,  Okemos  Reservoir,  would  be  used  to  provide  for  flood 
control  and  recreation  needs;  the  maximum  pool  elevation  would  be  869 
feet  above  mean  sea  level,  the  middle  pool,  Williamston  Reservoir, 
would  be  a fluctuating  pool  as  it  would  be  used  for  water  duality  stornni’, 
recreation,  fish  and  wildlife,  and  a water  supply  source  for  f i I I i nq  the 
lower  pool;  the  maximum  pool  elevation  would  be  884.  The  upper  pool , 

Doan  Creek  Reservoir,  would  be  managed  to  meet  the  demands  of  rocn'atior 
and  fish  and  wildlife;  the  maximum  pool  elevation  would  be  pQO.  The 
combined  storage  capacity  of  the  three  pools  comprisino  the  Red  Cedar 
Complex  would  be  104,000  acre-feet  having  a surface  area  of  |T,060  acre-  . 
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[he  wastewater  flow  for  Lansing  in  the  year  2020  is  estimated  to  be 
118  MGD . Incremental  advanced  waste  treatn-ent  has  been  identified  as  the 
least  costly  alternative  for  meeting  future  water  needs  at  Lansing.  This 
type  of  treatment  for  a flow  of  118  MGD  is  estimated  to  cost  J.3,400,000 
now  and  $5,600,000  in  1995.  The  average  annual  operation  and  maintenance 
cost  of  the  incremental  advanced  wastewater  treatment  would  be  $160,000 
per  year'.  The  average  annual  cost  averted,  and  therefore  the  average 
annual  water  quality  benefit  at  Lansing,  would  be  $439,500. 

The  total  cost  of  the  proposed  Upper  Grand  River  Reservoi r System  is 
estimated  to  be  $69,417,689.  Total  average  annual  costs  are  $3,308,000 
and  total  average  annual  benefits  are  $3,967,400  which  yields  a benefit/ 
cost  ratio  of  1.20.  A summary  of  the  average  annual  costs  ana  average  annual 
benefits  for  the  proposed  Upper  Grand  River  Reservoir  System  is  presented  in 
Table  111-19. 


TABLE  III-J.3 


SUMMARY  OF  DATA  ON  RESERVOIR  SITE  62M 
(Mlnard) 


GENERAL 
Stream 
River  mile 

Drainage  area  (square  miles) 

ELEVATION  (feet  above  mean  sea  level) 

Top  of  dam 
Maximum  pool 
Top  flood  control  pool 
Top  water  quality  pool 

Top  recreation  and  fish  and  wildlife  pool 
Stream  bed 

STORAGE  (acre  feet) 

Flood  control 
Water  quality 

Recreation  and  fish  and  wildlife 


Sandstone  Creek 
6 
87 


J]  ,500 

N/A 

N/A 

31,500 


SURFACE  AREA  (acres) 

Maximum  pool 

Top  flood  control  pool 

Top  water  quality  pool 

Top  recreation  and  fish  and  wildlife 

PERIMETER 

Perimeter  of  maximum  pool  (miles) 


3,000 
N/A 
N/A 
3 , 000 


DESIGN  DATA 
Length  of  dam 

Side  slopes  (horlzontal/vertlcal)  ups 

Gates,  number  and  size  (feet) 

Crest  elevation  (feet  above  mean  sea  level) 

Apron  elevation  (feet  above  mean  sea  level) 
Discharge  at  maximum  pool  (cubic  feet  per  second) 


3,490 

upstream  3:1,  downstream  2.5:1 
13-10X10-1, lint .1 
941 
918 

nd)  b,970 


Ml- 


TABLE  111-14 


SUMMARY  OF  DATA  ON  RESERVOIR  SITE  62S 
(Sandstone) 


GENERAL 

Stream  Sandstone  Creek 

River  mile  2 

Drainage  area  (square  miles)  87 

ELEVATION  (feet  above  mean  sea  level) 

Top  of  dam  954 

Maximum  pool  95O 

Top  flood  control  pool  j^Ya 

Top  water  supply  and  water  quality  pool  95O 

Top  recreation  and  fish  and  wildlife  pool  94  j 

Stream  bed  896 

STORAGE  (acre  feet)  91,500 

Flood  control  N/A 

Water  supply  and  water  quality  30,000 

Recreation  and  fish  and  wildlife  61,500 

SURFACE  AREA  (acres) 

Maximum  pool  4,800 

Top  flood  control  pool  ^7A 

Top  water  supply  and  water  quality  pool  4,800 

Top  recreation  and  fish  and  wildlife  N/A 


PERIMETER 

Perimeter  of  maximum  pool  (miles)  39 

DESIGN  DATA 

Length  of  dam  3,290 

Side  slopes  (horizontal/vertical)  upstream  3:1,  downstream  2.5:1 

Gates,  number  and  size  (feet)  4-6X8  - sluire 

Crest  or  Invert  elevation  (feet  above  mean  sea  level)  920 

Apron  elevation  (feet  above  mean  sea  level)  896 

Discharge  at  maximum  pool  (cubic  feet  per  second)  5,860 
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TABLE  III- 15 

SUMMARY  OF  DATA  ON  RESERVOIR  SITE  7 
(Onondaga) 


GENERAL 

Stream  Grand  River 

River  mile  191 

Drainage  area  (square  miles)  560 

ELEVATION  (feet  above  mean  sea  level) 

Top  of  dam  909 

Maximum  pool  905 

Top  flood  cc..trol  pool  905 

Top  water  suppl”  and  water  quality  pool  N/A 

Top  recreation  and  fish  and  wildlife  pool  N/A 

Stream  bed  885 

STORAGE  (acre  feet)  i0,200 

Flood  control  30,000 

Water  supply  and  water  quality  N/A 

Recreation  and  fish  and  wildlife  200 

SURFACE  AREA  (acres) 

Maximum  pool  4,100 

Top  flood  control  pool  4,100 

Top  water  supply  and  water  quality  pool  N/A 

Top  recreation  and  fish  and  wildlife 


PERIMETER 

Perimeter  of  maximum  pool  (miles)  74 

DESIGN  DATA 

Length  of  dam  3,100 

Side  slopes  (horlzontal/vertlcal)  upstream  3:1;  downstream  2.5:1 

Gates,  number  and  size  (feet)  12-10X13-  fainter 

Crest  elevation  (feet  above  mean  sea  level)  896 

Apron  elevation  (feet  above  mean  sea  level)  888 

Discharge  at  maximum  pool  (cubic  feet  per  second)  33,200 
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SUMM^\RY  OF  DATA  ON  RESERVOIR  SITE  59 
(Doan) 


GENERAL 
Stream 
River  mile 

Drainage  area  (square  miles) 

ELEVATION  (feet  above  mean  sea  level) 

Top  of  dam 
Maximum  pool 
Top  flood  control  pool 
Tor  water  quality  pool 

Top  rt’C.teation  and  fish  and  wildlife  pool 
Stream  bed 

STORAGE  (acre  feet) 

Flood  control 
Water  (luality 

Recreat  ion  and  f and_  wildlifjE 

SURFACE  AREA  (acres) 

Maximum  pool 

Top  flood  control  pool 

Top  water  quality  pool 

Top  recreation  and  fl^sh  and  jwy,dllfe 

PERIMETER 

Perimeter  of  maximum  pool  (miles) 


Doan  Creek 
2 
42 


34,200 

N/A 

N/A 

34,200 


2,600 

n7a 

N/A 

2,600 


DESIGN  DATA 
Lcngtii  of  dam 

Side  slopes  (horizontal /vert ical)  up 

Gates,  number  and  size,  (feet) 

Crest  elevation  (feet  above  mean  sea  level) 

Apron  elevation  (feet  above  mean  sea  level) 
Discharge  at  maximum  pool  (cubic  feet  per  second) 


3,630 

upstream  3:1;  downstream  25.1:1 
1-7X6  - Ta inter 
885 
864 

d)  930 
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SUMMARY  OF  DATA  ON  RESERVOIR  SITE  58 
(Will lameton) 


I 

'I 

tl 
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GENERAL 
Stream 
River  mile 

Drainage  area  (square  miles) 


Red  Cedar  River 
25 

235 


ELEVATION  (feet  above  mean  sea  level) 

Top  of  dam  888 

Maximum  pool  884 

Top  f loo,d_cp:it_ro_l  pool  884 

I'op  or  ly  and  water  quality  N/A 

Top  recreation  and  fish  and  wildlife  pool  N/A 

Stream  bed  850 

STORAGE  (acre  feet)  58,000 

Flood  control  20  000 

.-la-  -:  water  <iualitv  30,000 

Recreatl('n  and  fish  and  wildlife  8,000 

SURFACE  AREA  facres) 

Maximum  pool  8,700 

Top  flood  control  pool  8,700 

Top  w;.i_t_er  y 'i’i'Xy  and  water  qua  1 1 ty  pool  N/A 

Top  recreation  and  fish  and  wildlife  N/A 

PERIMETER 

Perimeter  of  maximum  pool  (miles)  108 


DESIGN  DATA 
Length  of  darn 

Side  slopes  (hor Izontal/vert leal)  upstream  3:1; 

Gates,  number  <ind  size  (feet) 

Crest  elevation  (feet  above  mean  sea  level) 

Apron  elevation  (feet  above  mean  sea  level) 

Discharqe  at  maximum  pool  (cubic  feet  per  second) 


1,950 

downstream  2.5:1 
8-10X8  - Tainter 
86b 
850 
15,370 
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SUMMARY  OF  DATA  ON  RESERVOIR  SITE  57C 
(Okemos) 


GENERAL 
Scream 
River  mile 

Drainage  area  (square  miles) 


Red  Cedar  River 
lA 
295 


ELEVATION  (feet  above  mean  sea  level) 

Top  of  dam  869 

Maximum  pool  865 

Top  flood  control  pool  865 

Top  water  supply  and  water  quality  pool  ig/A 

Top  recreation  and  fish  and  wildlife  pool  N/A 

Stream  bed  830 

STORAGE  (acre  feet)  11,800 

Flood  cont ro 1 10,000 

Water  supply  and  water  quality 

Recreation  and  fish  and  wildlife  1,300 

SURFACE  AREA  (acres) 

Maximum  pool  1,760 

Top  flood  control  pool  1,760 

Top  water  supply  and  water  quality  pool 
Top  recreation  and  fish  and  wildlife 

PERIMETER 

Perimeter  of  maximum  pool  (miles)  13 


DESIGN  DATA 

Length  of  dam  2,750 

Side  slopes  (horizontal/vertical)  upstream  3:1;  downstream  2.5:1 

Gates,  number  and  size  (feet)  13-7X11  -Tainter 

Crest  elevation  (feet  above  mean  sea  level)  857 

Apron  elevation  (feet  above  mean  sea  level)  820 

Discharge  at  maximum  pool  (cubic  feet  per  second)  16,310 
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TABLE  III-19 


SUMMARY  OF  ECONOMIC  DATA 
ON  THE 

UPPER  GRAND  RIVER  RESERVOIR  SYSTEM 


'XONOMIC  DATA 

Average  annual  benefits: 

Recreation 
Water  quality 
Water  supply 
Flood  control 
Fish  and  wildlife 
Total 

Average  annual  cost 
Benefit/cost  ratio 


$2,289,000 

774.000 

412.000 

300.000 

192.000 
3,967,000 

3,iO«,UUU 

1.20 
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b.  Sleepy  Hollow  Reservoir.  The  proposed  Sleepy  Hollow  Reservoir, 
Site  No.  110,  has  been  included  in  the  Upper  Maple  River  Watershed,  PL-566 
work  Plan.  The  reservoir  would  be  located  on  the  Little  Maple  River  south 

of  the  confluence  of  the  Little  Maple  River  and  the  Maple  River  in  the 
eastern  part  of  Clinton  County.  The  reservoir  structure  would  be  a multi- 
purpose flood  prevention  and  recreation  development  and  would  drain  an  area 
of  I 1.1  square  miles.  The  storage  capacity  of  the  reservoir  would  be  9,361 
acre-feet  of  water  and  would  have  a surface  area  of  415  acres.  For  maximum 
conditions,  the  pool  elevation  would  be  793.  The  recreation  development 
would  include  a t)5  acre  lake  and  a 1-1/2  mile  wide  by  3 mile  long  recreation 
area.  Major  uses  of  the  recreation  area  include  camping,  picnicking,  swimming, 
boating,  fishing,  hiking,  and  limited  small  game  hunting.  The  location  of 
the  proposed  reservoir  is  shown  on  Plate  Q-42.  The  total  first  cost  of  the 
proposed  reservoir  is  estimated  to  be  $3,885,000.  Total  average  annual  costs 
are  $197,400  and  total  average  annual  benefits  are  $1,360,700  which  yield  a 
benefit/cost  ratio  of  6.87. 

c.  Columbia  Creek  Reservoir.  The  proposed  Columbia  Creek  Reservoir, 
Site  No.  144  would  be  located  on  the  Columbia  Creek,  an  upper  tributary  of  the 
Grand  River,  in  Aurelius  Township,  Ingham  County.  The  reservoir  would  be  used 
to  provide  for  public  recreation  needs.  It  would  have  a storage  capacity  of 
11,700  acre-feet  of  water  and  would  have  a surface  area  of  130  acres.  When 
filled  to  its  capacity,  the  reservoir  would  have  a pool  elevation  of  885.  At 
that  elevation,  the  reservoir  would  not  impair  the  draining  of  croplands  north 
of  Curtice  Road.  Construction  of  the  proposed  rer.ervoir  as  planned  would  raise 
j section  of  Curtice  Road.  About  five  houses,  an  Ingham  County  Gravel  Pit, 

and  the  Columbia  Creek  Park  are  located  in  the  area  that  would  be  occupied  by 
■he  reservoir.  The  location  of  the  proposed  Columbia  Creek  Reservoir  is  shown 
on  Plate  0-43. 

The  total  first  cost  of  the  reservoir  structure  is  estimated  to  be 
; I, 320, 000.  Total  average  annual  costs  are  $99,300  and  total  average  annual 
• ■^•■fits  are  $207,800  which  yield  a benefit/cost  ratio  of  2.09. 

d.  Portage  River  Reservoir.  The  proposed  Portage  River  Reser- 
. Ir,  Sitt,‘  No.  171,  would  be  located  on  the  Portage  River  in  Waterloo 
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Township  of  Jackson  County.  The  Michigan  Department  of  Natural  Pesr-urces 
has  indicated  interest  in  the  site  as  a potenfial  single-purpose  fish 
and  wildlife  development.  The  proposed  reservoir  would  have  a storane 
capacity  of  7,800  acre-feet  of  water  which  would  have  a surface  area  of 
2,200  acres.  Since  there  are  no  natural  areas  where  deep  open  water 
will  be  maintained,  it  is  planned  that  about  5.5  miles  of  level  dilrhinr:, 
approximately  6 feet  deep,  would  be  constructed  in  the  proposed  flooding 
area.  The  excavated  material  from  the  ditches  would  be  used  to  build 
small  islands  for  wildlife  nesting  purposes.  The  development  of  the  • i*.,- 
would  require  that  portions  of  the  V.'o'=^ckel  , Reithmiller,  and  Waterloo-’-'unith 
Koads  be  raised. 

The  proposed  Portage  River  reservoir  would  be  located  on  land 
largely  owned  by  fhe  State.  The  total  first  cost  of  the  reservoir  struc- 
ture, not  including  land  costs,  is  estimated  at  SI 56, 000.  The  average 
annual  costs  are  $15,300  and  the  average  annual  benefits  are  $'3‘‘-,600  wtich 
result  into  a benefit/cost  ratio  of  2.98. 

I I . Impoundment  Sites  Suggested  for  Deta i I ed  Investigation  Before  1980 . 

a.  Prairie  Creek  Reservoir.  The  proposed  Prairie  Creek  Valley 
Preserve,  heretofore  outlined,  would  extend  from  the  confluence  of  the 
Grand  River  and  Prairie  Creek  along  the  latter  stream  up  to  the  proposed 
earthen  dam  for  the  Prairie  Creek  Reservoir,  Site  No.  42.  The  dam  would 
be  located  in  Ionia  Township,  Ionia  County,  1.5  miles  north  and  1/4 
mile  east  of  the  confluence.  The  Prairie  Creek  Reservoir  is  proposed 
as  a second  project  on  the  Creek  and  would  extend  eight  river  miles 
upstre.jm  fromi  the  dam.  This  reach  of  Prairie  Creek  is  in  a narrow  deep 
vallev,  with  steep  sides.  Tiie  average  height  of  the  valley  upstream  from  the 
dam  is  50  feet;  the  area  drained  by  the  creek  !'■  100  square  miles.  Ttte 
surrounding  land  is  gently  rolling  and  undulatory;  the  soi  I '•  ire  glacial 
dritfsands,  silty  loams,  and  gravel.  Population  is  sparse  - no  communi- 
ties or  villages  are  involved. 

The  proposed  reservoir  would  be  used  to  impound  water  for  recrea- 
tion, fish  and  wildlife  ha*  i tat , and  flood  control.  Ttw  dam  f^r  the 
reservoir  would  be  constructed  across  the  creek  to  a bright  of  inn  feet 
abov-  the  stream  Po,j  at  c|,.vation  755  feet  abav  moan  n<.'a  l•■V'•|. 
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impouridnnent  would  extend  upstream  about  eight  miles.  The  reservoir 
aOU I d contain  about  6i ,900  acre-feet  and  would  have  a surface  area  of 
I ,S20  acres  at  a maximum  pooi  elevation  of  750.  The  average  pool  depth 
f the  reservoir  would  be  34.0  feet,  and  the  perimeter  of  the  shoreline 
encompassing  the  reservoir  would  be  17.6  miles,  at  maximum  eievation. 

Data  on  the  proposed  reservoir  concerning  pool  elevation,  storage  volume, 

,ind  survace  area  are  presented  in  Fable  ill-20. 

To  provide  for  anticipated  flood  flow,  10,000  acre-feet  of  water 
would  be  released,  reducing  the  pool  level  elevation  to  746  and  the 
surface  area  to  1,200  acres.  The  perimeter  of  the  shoreline  would  be 
43.1  feet.  The  746  foot  pool  elevation  would  be  the  generally  prevailing 
cond i tion . 

A spillway  would  be  incorporated  into  the  dam  capable  of  dis- 
charging 20,700  cubic  feet  per  second,  which  is  the  design  flood  peak. 

The  flow  would  be  controlled  by  three  20  x 20  foot  tainter  gates.  A 
plan  of  tne  reservoir  and  features  of  the  dam  are  shown  on  Plates  Q-45 
and  Q-46  respectively. 

With  the  pool  at  elevation  746  feet  many  use-days  of  recreation 
w.'uld  be  provided.  Recreation  would  consist  of  camping,  picnicking, 
swimming,  hiking,  sailing,  waterskiing,  general  boatinq  and  nature  inter- 
pretation. Pish  and  wildlife  activities  would  provide  29,000  days  of 
fishing  and  2,800  days  of  hunting. 

It  is  estimated  that  average  annual  benefits  would  be:  for  recre- 
ation S66;',000;  for  fish  and  wildlife  $42,000;  and  for  flood  control  $40,000. 
These  sums  total  $744,000  in  average  annual  benefit-. 

The  total  first  cost  of  the  project  is  estimated  to  be  $'',800,000; 
l.vfal  average  annual  costs  are  estimated  to  be  $691,300. 

The  total  average  annual  benefits  of  $744,000  and  total  average 
annu.il  -.-^'sts  of  $691,300  yield  a benefit/cost  ratio  of  1.08. 

The  water  flows  fast  in  Prairie  Creek  and  the  stream  bed  i-. 

I ,’ravel.  These  conditions  are  reported  to  be  desirable  for 

madromous  fish  spawning  habitat.  This  pot('ntial  exists  in  many  of  the 
srand  River  tributaries  and  'ome  reaches  on  tfie  main  stream.  Prairie 
ha^  ''Ome  native  brown  trout  in  its  upper  reaches;  it  rou  I d well 
d-’ve|op  into  one  of  the  best  qualify  reserves  in  the  Basin. 
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Saranac  Sand  and  Gravel  Company,  now  operated  by  the  Williams 
Brothers  Asphalt  Company,  produces  large  quantities  of  sand  and  gravel 
for  concrete  construction  and  fill.  Their  equipment  is  both  stationary 
and  portable.  There  may  be  a conflict  of  interest  in  mineral  sources 
between  Saranac  and  Site  No.  42. 

The  reservoir  would  inundate  eight  rural  roads  and  necessitate 
the  relocation  of  seven  houses.  There  are  no  railroads  or  pipelines  in 
the  area  requiring  relocation  because  of  flooding. 
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SUMMARY  OF  DATA  ON  RESERVOIR  SITE  42 
(Prairie  Creek) 


GENERAL 

Stream  Prairie  Creek 

River  mile  3 

Drainage  area  (square  miles)  100 

ELEVATION  (feet  above  mean  sea  level) 

Top  of  dam  755 

Maximum  pool  750 

Top  flood  control  pool  750 

Top  water  quality  pool  N/A 

Top  recreation  and  fish  and  wildlife  pool  746 

Stream  bed  650 

STORAGE  (acre  feet)  61,900 

Flood  control  10 , 000 

Water  quality  N/A 

Recreation  and  fj^sh  and  wildj^^e  51,900 


SURFACE  AREA  (acres) 

Maximum  pool 

Top  flood  control  pool 

Top  water  quality  pool 

Top  j^e^re^tlon  and  fish  and  wj.ldj^i_fe 

PERIMETER 

Perimeter  of  maximum  pool  (miles) 

DESIGN  DATA 
Length  of  dam 

Side  slopes  (norizontal/vertlcal) 
Gates,  number  and  size  (feet) 

C_resJ;  elevation  (feet  above  mean  sea 
Apron  elevation  (feet  above  mean  sea 
Discharge  at  maximum  pool  (cubic  feet 


1,815 

1,815 

N/A 

1,200 


18 


N/A 

upstream  3:1;  downstream  2.5:1 

3-20X20  - TainLer 
level)  730 

level)  650 

per  second)  20,700 


ECONOMIC  DATA 

Average  annual  benefits: 


Recreation  $662,000 

Fish  and  wildlife  42,00.' 

Flood  control  40,000 

Total  744,000 

Average  annual  cost  691,300 

Beneflt/cost  ratio  1.08 


2 
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t),  Portland  Reservoir.  The  Lookingglass  River  rises  iri  the 
northwest  corner  of  Livingston  County.  From  here  the  stream  flows  north 
to  a point  three  miles  west  and  one  mile  south  of  the  village  of 
Baucroft.  Here  it  turns  to  the  west  and  flows  in  a meandering  course 
to  its  confluence  with  the  Grand  River  at  the  city  of  Portland,  Grand 
River  mile  112.8.  The  length  of  the  Lookingglass  River  channel  is  61 
miles  and  it  drains  312  square  miles.  The  dam  for  the  proposed  Portland 
Reservoir,  Site  No.  51,  would  be  constructed  across  the  Lookingglass 
River,  one  mile  upstream  from  its  confluence  with  the  Grand  River  just 
outside  of  Portland. 

The  topography  of  the  watershed  is  distinctly  different  in 
the  upper  and  lower  half  of  the  61  mile  Lookingglass  River  reach.  In 
the  lower  half  the  watershed  is  comparatively  narrow  in  width  with 
steep  slopes.  The  upper  half  of  the  basin  is  likewise  narrow  but  very 
flat  with  extensive  areas  of.  marsh  and  wetlands.  For  the  most  part  the 
soils  are  loam,  clayloam,  and  silty  clayloam,  and  are  the  products  of 
glaciation  and  weathering.  Drainage  ranges  from  good  in  hilly  parts 
to  poor  In  depressed  areas.  With  the  exception  of  extensive  upland  tracts 

j 

of  unproductive  wetlands-,  the  watershed  is  used  for  farmi-ng.  Near  the 
proposed^ dam,  urbanization  with  high  quality  residences  is  taking  place, 
but  most  of  the  watershed  is  thinly  settled,  with  a few  small  villages. 

The  proposed  Portland  reservoir  would  provide  flood  control, 
improved  water  quality,  fish  and  wildlife  habitat,  and  recreation.  The 
.site  is  within  a half  hour  drive  of  Lansing  and  has  many  excellent  highway 
access  routes  including  Interstate  Highway  96. 

The  proposed  Portland  Reservoir  earthen  dam  would  be  ?,''50  feet 
long  and  52  feet  above  the  stream  bed  at  elevation  765  feet  above  mean 
sea  level.  During  normal  times  the  water  would  be  partially  impounded 
and  thereby  maintained  at  elevation  751.  During  low  flow  periods,  T.OOO 
■ acre-feet  of  water  could  be  released  to  augmr.'nt  low  flows  downstrea'-^  >-1 
the  dam.  fhore  would  remain  12,700  acre-feet  in  the  reservoir  for  the 
"conservation  pool,"  wtiich  is  considered  adequate.  Normally, 
the  pool  would  b(3  at  elevation  751  feet  with  a w.jtor  surf. ice 
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area  of  1,300  acres  and  an  average  depth  of  12.8  feet.  When  a flood 
occurred,  the  flow  over  the  dam  would  be  regulated  and  the  water  lev.  I 
of  the  Lookingglass  River  would  be  allowed  to  rise  to  elevation  7b0  feet. 

This  would  be  temporary  and  would  total  36,700  acre-feet  of  water.  The 
surface  area  of  the  water  then  would  be  3,230  acres. 

The  dam  would  include  a 144  foot  long  spillway  equipped  witr. 
two  20  X 50  foot  tainter  gates  and  one  20  x 35  foot  tainter  gate  that 
could  pass  a discharge  of  47,400  cubic  feet  per  second. 

Data  pertaining  to  pool  elevation,  storaoe  volum.’,  and  surface 
.area  are  presented  in  Table  111-22.  A plan  of  the  reservoir  and  features  - 

of  the  dam  are  shown  on  Plates  Q-47  and  Q~iS  resoectl vel y . 

The  impoundment  of  water  in  the  reservoir  would  flood  1.2  miles 
of  Interstate  Highway  1-96  and  0.7  miles  of  Chesape.ake  and  Dhio  Railroad  ■ 

tracks  necessitating  relocation  or  raising  or  both.  The  following  rural 
roads  would  be  inundated:  Cutter,  Peake,  Chadwick,  Monroe,  (lintorla, 

i 

an  1 Jones.  Twenty-five  structures  are  within  the  proposed  site. 

The  purposes  of  the  project  would  be  to  control  floods  to  improve  * 

water  quality  on  the  Lookingglass  Rivfr,  to  improve  and  promote  f i '.h  and 
wildlife,  and  to  provide  public  recreation  facilities.  The  average 
annual  flood  control  benefits  are  estimated  to  be  $56,000.  Improvement 

in  water  quality  would  also  be  effected  at  Portland.  ij 

Total  average  annual  benefits  are  estimated  to  be  $9'^0,000.  I*  d 

is  estimated  that  construction  costs  for  this  project  would  amount  to  - 

$',861,000.  An  additional  $9,192,000  would  be  required  for  recreational  ij 

f.acilities,  making  a total  of  $12,275,000.  The  total  average  annual  J 

costs  are  estim,3ted  to  be  $603,600.  The  total  average  annual  benefits  ' 

of  $980,000  and  total  average  annual  costs  of  $60'', 600  yield  a benefit/  I 

cost  ratio  of  I .91 . : 
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Table  I 11-21 


iBasint 

PRELIMINARY  RESERVOIR  COSTS  | GRAND  RIVER 

Tr  Ibutary : 

lookingglass  River 

l^ater  Surface  Elevation- 

760  f. 

Site: 

Portland  (MWRC) 

No: 

51 

Vain  Dam  lieiKEt:  Main  Dam  Length: 

53  ft.  2330  ft, 

Shoreline  Length: 

. 2 

Water  Surface  Area. 

3230Acres ! 

Storage: 

36,700  Acre  feet  j 

Islands; 

No^  1 Acres  _ 176  

RESERVOIR  COSTS 


Descr  i|)t  ion 

^ 

Dn  1 t 

! Unit 
Price 

I Quan> 

i ^ ^ ^ 

Cost  ^ 

REMARKS 

A.  Land  and  Damages: 

1.  Land  Costs  (fee) 
(a)  Inundated 

Acres 

$ 208 

3406 

$ 710,000 

(b)  300  Foot  Strip 

Acres 

208 

1400 

292_.000 

2. 

Land  Cost  (Easement) 

Acres 

i. 

Non-farm  Homes 

Each 

500 

21 

- 10,300 

1. 

Re  settlement 

Each 

S. 

Othe  r 

b. 

Acquisition 
Contingencu*  s 

8 

% of  Items 

.'Ml -5) 

81,000 

7. 

_ 2S- 

% of  Items 

A(l-f-) 

-273,400- 

SUBTOTAL  ITEM  A $ 1,336,900 


F^.  Re  loca  l ions  ; 
1.  Hi*;hways 


(a) 

Pr imary  (4  Lane) 

Ml  les 

.310^000 

J , 2 _ 

372,000 

1-96  - R.iise 

(b) 

Secondary!)  i.am) 

Miles 

to  dike  with 

(c) 

Br idges 
New 

Lach 

loss  of  AF 

Raised 

t^ach 

Remova 1 

F-  a c h 

(d) 

Cu  Iver  ts 

E'eet 

(o) 

Other 

SLUTOTAL 

m;M  B(  j ) 

$7~3’72~OOq_ 

Ra  1 Iroads 
( a ) Track 

Mile 

120,000 

0.7  _ 

84,000 

Raise  to  fomi 

(b) 

Bridges 

Dike  at  track: 

New 

La.  h 

Ra  ised 

Lat-h 

Remova 1 

F.ach 

(c) 

Culverts 

Feel 

(d) 

Other 

SLTITOTAL 

ITEM  B(2) 

-84-,000  _ 

Ut i 1 1 t Ics 

(a) 

Natural  Gas 

Fee  t 

(b) 

Pe  t ro leum 

Feet 

(c) 

Power 

Feet 

(d) 

Wat  er 

Feet 

(e) 

Te lephone 

Feet 

(f) 

S€*wers 

Feet 

(R) 

Others 

Sl'BTDTAl.  m\1  H(3)  $ 
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Site: 

PcT  t Land  .700 


W.S.  Kiev. 


.No 


PRELIMINARY  RESERVOIR  COSTS 


RESERVOIR  COSTS  (COST'D) 

~~]  Unit  I Quan-  ■ 

Descript  ion  j Unit  ^ Price  ; tity  ^ 

ReltH'ations  (Cont’d); 

4 . M isce 1 laneous 

(a)  Cemeteries  

(b)  _ T 

(c) 


SUBTOTAL 

SUBTOTAL 

ITEM  B(4) 
ITEM  B 

$ 

$456,000 

Reservoir  Clearing' 

1 , 

Farmland 

Acre 

50 

2261 

113.000 

2 ^ 

'^ood  land  - 1 i^;ht 

Acre 

150 

646 

97.000 

3. 

Vioodland  - heavy 

Acre 

300 

323 

97.000 

■1  . 

Grubb  1 

Acre 

5. 

S t rue  t ures 

Houses 

Each 

J.QQ 

21 

- AlOQ- 

Commerc  al  Buildings 

Each 

ti 

Other 

Da  m 

and  Appurtenant  Costs: 

SUBTOTAL 

ITEM  C 

S 309 .100 

1. 

2. 

Sp 1 i 1 way 
Dam 

Lump  Sum 
Lump  Sum 

582,900 

285.800' 

4 . 

Dikes 
Ot  he  r 

Lump  Sum 

10.000 

Ac  ct 

'ss  Road: 

Sl^TOTAL 

ITEM  D 

$878,700 

1 . 

Road 

Mile 

30,000 

0.5 

25,000 

2. 

Hr  id^;e 

Each 

3. 

C'u  1 ver  t 

Fret 

4. 

0 1 ho  r 

SUBTOTAL 

ITEM  E 

S_-23^QQQ 

M 1 sc  e 1 1 a neou  s : 


1 . 


2. 

4. 

simTOTAL  m:M  f 

* _ 

REMARKS 


SUMMARY 
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Table  III-22 

SUMMARY  OF  DATA  ON  RESERVOIR  SITE  51 
(Portland) 


GENERAL 
Stream 
River  mile 

Drainage  area  (square  miles) 

ELEVATION  (feet  above  mean  sea  level) 

Top  of  dam 
Maximum  pool 
Top  flood  control^  pool 
Top  water  quality  pool 

Top  recreation  and  fish  and_wlldlife^  pool 
Stream  bed 


Lookingglass  River 
1 

312 


765 

760 

760 

N’/A 

751 

712 


STORAGE  (acre  feet)  36,700 

Flood  control  20,000 

Water  quality  N/A 

Rec^eatlon^  and  fish  and  wildlife  16,700 

SURFACE  AREA  (acres) 

Maximum  pool  3,230 

Top  f^od  control  pool  3,230 

Top  water  quality  pool  N'/A 

Top  recreation  and  fish  and  wildlife  1,300 


PERIMETER 

Perimeter  of  maximum  pool  (miles)  38 


DESIGN  DATA 

Length  of  dam  2,330 

Side  slopes  (horizontal/vertical)  upstream  3:1;  downstream  2.5:1 

Gates,  number  and  size  (feet)  2-20X50  - Tainier 

Crest  elevation  (feet  above  mean  sea  level)  740 

Apron  elevation  (feet  above  mean  sea  level)  702 

Discharge  at  maximum  pool  (cubic  feet  per  second)  47,400 

ECONOMIC  DATA 

Average  annual  benefits: 

Recreation 
Flood  control 
Fish  and  wildlife 
Total 

Average  annual  cost 
Kenefit/cost  ratio 


$877,000 
56,000 
4 7 , 000 
480,000 
603,600 
1 .91 
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c.  Sand  Creek  Reservoir.  Sand  Creek  rises  in  Chester  Township, 
Muskegon  County.  From  here  it  flows  south  12  miles  and  east  3/4  mile 
to  its  confluence  with  the  Grand  River  in  Tallmadge  Township,  Ottawa 
County.  This  confluence  Is  at  28-1/2  river  miles  of  the  Grand  River  and 
5.5  miles  northwest  of  the  heart  of  Grandville.  The  proposed  Sand  Creek 
Reservoir,  Site  No.  74,  would  include  an  earthen  dam  located  3/4 
mile  south  of  where  the  State  Highway  M-45  bridge  crosses  Sand  Creek, 
in  Tallmadge  Township.  Above  the  proposed  dam.  Sand  Creek  drains  a water- 
shed of  41  square  miles. 

The  topography  of  the  proposed  reservoir  site  is  hilly  and 
undulatory.  ftast  of  the  site  area  is  a 60  to  80  foot  deep  valley  which 
broadens  substantially  at  three  well-defined  reaches.  Tl  valley  is 
densely  wooded  on  both  sides.  Open  areas  flanking  both  sides  are  culti- 
vated and  include  a conservation  club.  A few  small  areas  are  marsh, 
but  in  general  drainage  is  good.  The  soil  is  sandy  glacial  drift. 
Population  is  sparse;  Tallmadge  and  Marne  are  the  only  communities  here, 
and  there  is  no  commerce  or  industrial  development  in  the  area. 

The  proposed  Sand  Creek  reservoir  would  be  used  to  implement 
water  for  recreation  and  for  fish  and  wildlife.  The  reservoir  would 
result  from  the  construction  of  a 2,100  foot  long  earthen  dam  across 
Sand  Creek  to  a height  of  66  feet  above  the  stream  bed  at  elevation  664. 
The  reservoir  would  contain  29,600  acre-feet  of  water  and  would  have  a 
surface  area  of  1,470  acres  at  the  maximum  pool  elevation  of  660.  The 
average  depth  of  the  pool  would  be  20.1  feet.  The  perimeter  of  the 
shoreline  encompassing  the  pool  would  be  28.5  miles. 

Considering  recreation,  fish  and  wildlife  and  the  above  mentioned 
enhancements,  average  annual  benefits  totalling  $934,000  are  estimated 
to  be  rea I i zed . 

The  proposed  elevation  of  the  dam  is  665  feet  in  order  to  realize 
the  largest  capacity  at  the  lowesf  unit  cost.  The  estimated  first 
cost  of  the  reservoir  is  $4,107,000;  recreational  site  development  is 
estimated  to  cost  $8,712,000.  These  amount  to  a total  of  $12,819,000; 
the  total  average  annual  cost,  based  on  a 100-year  project  life,  is  esti- 
mated to  be  $630,300. 
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The  total  average  annual  benefits  of  1934,000  and  the  total 
average  annual  costs  of  1630,300  resuM  in  a benefit/cost  ratio  of  I.4B. 

This  project  may  be  within  the  surface  boundary  of  a producing 
oilfield.  Producing  and  discontinued  wells  should  be  located  and 
checked  to  ensure  against  brine  or  oil  seepage  from  wells  or  loss  of 
surface  water  into  discontinued  wells. 

I nto  the  dam  wou Id  be  built  a spill  way  capab 1 e of  pass i ng  II ,600  cf s . 
One  fainter  gate,  20  feet  high  and  35  feet  wide,  would  control  and  regulate 
the  flow. 

This  pool  would  be  constant  all  the  time;  with  its  proxinily  to 
Grand  Rapids,  Holland,  and  Muskegon,  exceptional  opportunities  for 
public  usage  would  be  available. 

Data  concerning  this  proposed  improvement  are  given  in  Ta!  III-.  1. 

In  order  to  develop  this  project  some  existing  facilities  must 
be  altered.  Certain  highways,  electric  power  lines,  and  water  transmission 
pipes  would  have  to  be  relocated  or  adjusted.  Numerous  oil  wells  would 
have  to  be  protectee  or  abandoned  in  the  reservoir  area.  A small  qolf 
course  and  sportsman's  area  on  Johnson  Street  would  have  to  be  abandoned. 

At  the  comirun i ties  of  Marne  and  Tal Imadge  some  few  homes  would  t ave  to 
be  relocated;  a small  privately  owned  reservoir  in  Tal Imadge  would  have 
to  be  abandoned.  The  community  of  Marne,  at  the  upper  end  of  the  reser- 
voir, is  now  constructing  a waste  disposal  system.  Some  means  would 
have  to  be  developed  here  to  protect  the  quality  of  water  of  the  proposed 
pool  . 

A plan  of  the  reservoir  and  features  of  the  dam  are  shown  on 
Plates  Q-49  and  Q-50  respectively. 

Urban i cat  ion  ad jacent  to  the  site  could  be  expected,  by  reason 
of  its  proximity  to  Grand  Rapids.  Other  communities  of  siqnificance 
within  30  miles  are  East  Grand  Rapids,  Grand  Haven,  Grandville,  ltd  land, 
Kentwood,  Muskegon,  and  Rockford.  Grand  Valley  State  College  is  huf  three 
miles  distant.  A number  of  intanqible  benefits  woi/ld  accrue  due  to  th>- 
improvement.  They  are: 

(1)  Development  of  marginal  lands. 


1 n-fli 
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C2)  Improved  water  quality  resulting  from  more  stabilized 

stream  flow. 

(3)  Economic  influx  to  area  because  of  recreational  facilities. 

(4)  Area  advancement  by  increase  of  water  resources. 

(5)  Creation  of  limited  reservoir  water  storage  for  flood 
control  within  the  area.  Camp  Optimist,  an  existing  day  camp  of  120  acres, 
and  Grand  Rapids  Camp  Aman,  a large  natural  park,  would  benefit  from 

the  additional  water  resources. 

d._  Bear  Creek  Reservoir.  The  proposed  Bear  Creek  Reservoir, 

Site  No.  109,  has  been  incorporated  into  the  Upper  Maple  River  Watershed, 
PL-566,  Work  Plan.  The  reservoir  will  be  located  on  Bear  Creek  about 
one  mile  south  of  the  confluence  of  the  creek  with  the  Maple  River  in 
the  western  part  of  Shiawassee  County.  The  reservoir  structure  will  be 
a multi-purpose  earthen  dam  for  flood  prevention  and  recreation  and  will 
control  a drainage  area  of  29.3  square  miles.  Its  storage  capacity 
will  be  3,957  acre-feet  of  water.  The  water  surface  area  will  be  280  acres. 
When  filled  to  its  capacity,  the  reservoir  will  have  a pool  elevation 
of  756.  The  recreation  area  is  two  miles  long  and  more  than  a mile  wide 
covering  some  1,320  acres  of  gently  rolling  land.  The  major  use  of  the 
Bear  Creek  recreation  area  includes  small  game  hunting,  f 1 sh i ng boati nq, 
swimming,  picnicking,  and  primitive  area  camping.  The  location  of  the 
proposed  reservoir  is  shown  on  Plate  111—41. 

The  total  first  cost  of  the  proposed  reservoir  is  estimated  to 
be  $2,455,000.  Total  average  annual  costs  are  $120,700  and  total  average 
annual  benefits  are  $340,200  which  yield  a benefit/cost  ratio  of  2.8.'’. 
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Table  III-23 


SUMMARY  OF  DATA  ON  RESERVOIR  SITE  74 
(Sand  Creek) 


GENERAL 
Stream 
River  mile 

Drainage  area  (square  miles) 

ELEVATION  (feet  above  mean  sea  level) 

Top  of  dam 
Maximum  pool 
Top  flood  control  pool 
Top  water  quality  pool 

Top  recreation  and  fish  and  wildlife  pool 
Stream  bed 

STORAGE  (acre  feet) 

Flood  control 
Water  quality 

Recreation  and  y.sh  an^  wildljje 

SURFACE  AREA  (acres) 

Maximum  pool 

Top  flood  control  pool 

Top  water  quality  pool 

Top  recreation  and  fish  and  wildlife 


Sand  Creek 
1 
41 


664 

660 

N/A 

\7A 

660 

598 


29,600 

N/A 

N’/A 

29,600 


1,470 

N/A 

N’/A 

1,470 


PERIMETER 

Perimeter  of  maximum  pool  (miles) 

DESIGN  DATA 
Length  of  dam 

Side  slopes  (horizontal/vertical) 

Gates,  number  and  size  (feet) 

Crest  elevation  (feet  above  mean  sea  level) 

Apron  elevation  (feet  above  mean  sea  level) 
Discharge  at  maximum  pool  (cubic  feet  per  second) 

ECONOMIC  DATA 

Average  annual  benefits: 

Recreation 

Fish  and  wildlife 

Tota  1 

Average  annual  cost 
Benefit/cost  ratio 


29 


2,100 

upstream  3:1;  downstream  2.5:1 
1-20X35  - Tainter 
640 
588 

11,600 


$877,000 

57,000 

934.000 

689.000 
1.36 
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Name  Croel<  Reservoir.  The  Dfopose'J  ’.'r.'  \:ir-  'rr-<-t-  ^-jservoi  r , 
Site  ‘ip.  180,  A'ou  I d be  located  about  eig^lt  niles  northej::t  o?  /e-rr'iori'tv  i I If- 
and  eight  ni  les  southwest  of  Grand  Ledge  ir  Chester  Town?,?  ip,  Laton  C^outity. 
The  stream  on  which  the  reservoir  would  be  located  fm'  t . rn  „nof f i f i al I y 
designated  as  No  Name  Cree- . It  flows  generally  soutTwo'-f  tr  i-r;  oorflu- 
ence  with  the  Thornapple  Kiver  0.5  miles  below  ■‘■ne  juncti-v  -f  the  Lir*le 
Thornapple  and  Thornapple  Rivers.  Tt.-.  dr  ilnag«  ir-'a  al  /'/■  dr.m  i 
nine  square  miles  of  hilly,  undulating,  and  sparsely  •.•rtlv;  la-d  j,.— •! 
mostly  for  agriculture.  Snail  acreage  iu  f>r,- - r-  jr.  ..r  ;rt 
settlements.  The  soils  of  the  drainage  area  ire  loary  .1’  ijl  rill  wiT?-. 
moderate  productive  capaci+y  for  farming.  The  j - -rr-rj.-r-  • |_  i -v  i :ed 

into  the  till  plain;  land  adjaeon*  to  t‘ .=  t ■‘o-  i >•  T | ^ Ming. 

The  proposed  reservoir  woul  l be  ur.ed  ar.  '/'  r-  ;r' i or  for  the 

public  and  to  create  fish  and  wildlife  ;.,<bitat  for  f < ■ *- ; r huntirg 

generally.  The  reservoir  would  have  ; O'Ji’T  foot  lo'-g  e.!rt‘'en  dam-  constructed 
across  the  creek  to  a height  of  33  f ;-et  a*  ve  the  stt-  ;i-  a'd  at 
elevation  885  feet  above  mean  sea  level.  Tt,  re<- er-.-r  i r .-,-ul-'  rontgin 
7,760  acre-feet  of  water,  and  would  have  a surface  area  of  7'-0  acres  at 
a maximum  pool  elevation  of  880.  The  average  depth  of  the  mrl  at 
maximum  storage  -would  be  10.5  feet.  The  w-)ter  impoundmert  would  extend 
2 miles  upstream  from  the  dam  and  the  perimeter  of  the  shorelirie  encom- 
passing the  pool  would  be  13  miles.  The  impoundment  would  have  the 
capacity  for  six  inches  of  water  runoff;  one  year  would  be  renuired  to 
fill  the  reservoir.  Data  pertaining  to  pool  elevation,  storaee  volume, 
and  surface  area  are  presented  in  Table  MI-ST.  A plan  of  the  reservoir 
and  features  of  the  dam  are  shown  on  Plates  Q-51  and  Q-52  respectively. 

It  is  estimated  that  annual  benefits  derived  from  recrea+iv. 
would  be  $432,000  end  that  fish  and  wildlife  benefits  would  be  $30,000 
for  a total  annual  benefit  of  $462,000. 

The  estimated  cost  of  the  land  and  structures'  would  be  $-800,000. 
Recreation  facili  + ies  including  lend  would  coat  $4,598,000  i r-  the  ini-‘-ial 
phase.  Thus,  total  costs  would  be  $5,393,000  resul-!-ing  i r,  an  average 
annual  cost  of  1265,400. 

Total  average  rannual  ben-'fits  of  $462,000  and  total  average  annual 
costs  of  $265,400  would  resu  I f in  a bonef  i t/,oost  ratio  of  1.74. 
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Table  III-24 


SUMMARY  OF  DATA  ON  RESERVOIR  SITE  180 
(No  Name  Creek) 


GENERAL 
Stream 
River  mile 

Drainage  area  (square  miles) 

ELEVATION  (feet  above  mean  sea  level) 

Top  of  clam 
Maximum  pool 
Top  flood  control  pool 
Top  water  quality  pool 

Top  recreation  and  fish  and  wildlife  pool 
Stream  bed 

STORAGE  (acre  feet) 

Flood  control 
Water  quality 

Recreation  and  fish  and  wildlife 

SURFACE  AREA  (acres) 

Maximum  pool 

Top  flood  control  pool 

Top  water  quality  pool 

Top  recjM^on  and  fish  and  wildlife 


No  Name  Creek 
1 
9 


7,760 

N/A 

L'/A 

7,760 


PERIMETER 

Perimeter  of  maximum  pool  (miles) 

DESIGN  DATA 
Length  of  dam 

Side  slopes  (horizontal/vertical) 

Gates,  number  and  size  (feet) 

Crest  elevation  (feet  above  mean  sea  level) 
Apron  elevation  (feet  above  mean  sea  level) 


2,025 

upstream  3:1;  downstream  2.5:1 
1-10X30-  Taint  or 
870 
846 


Discharge  at  maximum  pool  (cubic  feet  per  second) 


3,640 


ECONOMIC  DATA 

Average  annual  benefits: 
Recreation 
Fish  and  wi Idl ife 
Total 

Average  annual  cost 
Benefit/cost  ratio 


5432,000 

30,000 

462.000 

290.000 
! .56 
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12.  Impoundment  Sites  Suggested  for  Detailed  Investigation  Before  1985. 

a,  Ravenna  Reservoir.  The  North  Branch  of  Crockery  Creek 
rises  in  the  northwestern  part  of  Kent  County  and  flows  in  a southwesterly 
direction  about  10  miles  to  its  confluence  with  Crockery  Creek  just  west 
of  the  village  of  Ravenna  in  Muskegon  County.  From  there.  Crockery  Creek 
flows  southwest  to  its  confluence  with  the  Grand  River  at  12.5  river  miles 
on  the  Grand  River.  The  dam  for  the  proposed  Ravenna  Reservoir,  Site 
No.  16,  would  be  located  1/4  mile  east  of  Ravenna  on  the  North  Branch  of 
Crockery  Creek  in  Muskegon  County.  The  reservoir  would  have  an  upstream 
watershed  of  45.5  square  miles.  The  land  is  undulatory  with  rolling  hills, 
some  woodlands  and  some  grasslands.  The  area  is  sparsely  populated  with 
no  towns  or  villages  of  appreciable  size. 

The  proposed  reservoir  would  be  used  to  impound  water  for  recrea- 
tion, irrigation,  and  fish  and  wildlife  uses.  The  reservoir  would  have 
a 991  foot  long  earthen  dam  constructed  across  the  North  Branch  of 
the  Creek  to  elevation  685  which  would  be  39  feet  above  the  stream  bed.  The 
water  impoundment  would  extend  upstream  about  2-1/2  miles.  The  reservoir 
would  contain  5,800  acre-feet  of  water  and  would  have  a surface  area  of 
390  acres  at  the  maximum  pool  elevation  of  680  feet.  The  average  pool 
depth  of  the  reservoir  would  be  14.2  feet.  Data  pertaining  to  pool 
elevation,  storage  volume,  and  surface  area  are  presented  in  Table  111-25 
and  on  Plate  0~8.  At  the  maximum  pool  elevation  of  680  feet,  the 
perimeter  of  the  shoreline  encompassing  the  pool  would  be  about  10  miles. 

The  dam  would  be  controlled  by  two  I 5 x 30  foot  ta inter  gates 
that  could  pass  a maximum  discharge  of  12,300  cubic  feet  per  second.  The 
dam  would  be  operated  so  as  to  provide  for  storage  of  450  acre-feet  of 
irrigation  water  and  for  storage  of  5,350  acre-feet  of  water,  at  a pool 
elevation  of  679  feet,  for  recreation  and  fish  and  wildlife  needs.  A 
plan  of  the  reservoir  and  features  of  the  dam  are  shown  on  Plates  Q-53 
and  Q-54. 

As  stated  above,  the  reservoir  would  be  used  to  meet  recreation, 
irrigation,  and  fish  and  wildlife  needs.  It  is  estimated  that  14,200 
days  of  fishing  and  760  days  of  hunting  would  be  spent  here  annual  I v. 
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Four  hundred  fifty  acre-feet  of  the  reservoir  water  have  been  allotted 
for  irrigating  adjacent  farm  lands.  Taking  advantage  of  available  irri- 
gation; vegetables,  cucumber,  melons,  potatoes,  strawberries,  and  fruit 
could  be  grown  nearby. 

The  first  cost  of  construction  is  estimated  to  be  $1,024,000. 
Average  annual  cost  of  the  project  is  estimated  to  be  $104,500. 

The  total  annual  benefits  of  $266,000  and  costs  of  $104,500  yield 
a benefit/ cost  ratio  of  2.54. 

First  cost  of  construction  summarizes  entire  costs  applicable 
to  faci I Ity.  This  note  applies  throughout  for  reservoir  projects. 

The  project  may  include  the  mining  site  of  the  Paul  C.  Miller 
Company,  a small  sand  and  gravel  producing  firm.  Their  loss  of  production 
by  inundation  or  otherwise  would  have  little  effect  on  the  area's  sand 
and  gravel  industry.  The  processing  equipment  is  portable;  thus  the 
operator  can  vacate  the  site  quickly  at  little  expense. 

One  rural  road  at  most  would  be  abandoned  and  a few  homes  would 
be  relocated  or  abandoned. 
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Table  III-25 


SUMMARY  OF  DATA  ON  RESERVOIR  SITE  16 
(Ravenna) 


GENERAL 
Stream 
River  mile 

Drainage  area  (square  miles) 

ELEVATION  (feet  above  mean  sea  level) 

Top  of  dam 

Maximum  pool 

Top  flood  control  pool 

Top  water  supply  and  water  quality  pool 

Top  recreatj,pn.  and  fish  and  wildlife  pool 
Stream  bed 


Crockery  Creek 
16 
A6 


685 

680 

N/A 

680 

679 

645 


STORAGE  (acre  feet)  5,800 

Flood  control  N/A 

Water  quality  A50 

Recreation  and  fish  and  wildlife  5,350 

SURFACE  AREA  (acres) 

Maximum  pool  392 

Top  flood  control  pool  N/A 

Top  water  quality  pool  392 

Top  recreation  and  fish  and  wildlife  375 


PERIMETER 

Perimeter  of  maximum  pool  (miles)  10 


DESIGN  DATA 
Length  of  dam 

Side  slopes  (horizontal/vertical)  upstream  3:1; 

Gates,  number  and  size  (feet) 

Crest  elevation  (feet  above  mean  sea  level) 

A^on  elevation  (feet  above  mean  sea  level) 

Discharge  at  maximum  pool  (cubic  feet  per  second) 


990 

downstream  2.5:1 
2-15X30 
665 
645 
12,300 


ECONOMIC  DATA 

Average  annual  benefits: 


Recreation  $232,000 

Fish  and  wildlife  19,000 

Irrigation  15,000 

Total  266,000 

Average  annual  cost  104,500 

Benefit/cost  ratio  2.54 
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b.  La barge  Roservolr.  The  Thornapple  River  has  the  second 
largest  tributary  drainage  area  within  the  Grand  River  Basin;  the  Maple 
River  Drainage  area  being  larger.  The  Thornapple  rises  about  5 miles 
northeast  of  the  city  of  Charlotte  in  the  central  part  of  Eaton  County. 
From  there  it  flows  in  a meandering  westerly  course  through  iJashville 
and  Hastings.  At  the  latter  village,  the  stream  turns  northwest,  then 
north  and  joins  the  Grand  River  at  the  city  of  Ada.  The  actual  path 
of  the  stream  is  76  river  miles  long. 

The  darri  of  the  proposed  Labarge  Reservoir,  Site  No.  22,  would 
be  situated  on  the  Thornapple  River  about  16  river  miles  upstream  of 
its  confluence  with  the  Grand  River  in  Caledonia  Township,  Kent  County. 

The  drainage  area  of  the  Thornapple  River  at  i he  site  of  the  proposed 
dam  is  800  square  miles.  This  area  is  undulatory  and  hilly;  the  smaller 
tributary  streams  slope  4 feet  per  mile,  on  the  average.  The  runoff 
from  the  watershed  is  the  largest  and  most  stable  in  the  Grand  River 
Basin.  The  soils  are  glacial  drift  (silty  loam)  and  in  general  the  water- 
shed is  intensively  farmed.  There  are  several  municipalities  along  the 
Thornapple  but  overall  the  population  is  sparse. 

The  reservoir  would  include  a 2,113  foot  long  earthen  dam  con- 
structed across  the  Thornapple  to  a height  of  63  feet  above  the  stream 
bed  at  elevation  740  feet  above  mean  sea  level.  The  water  impoundment 
would  extend  upstream,  on  the  Thornapple,  to  a point  1.5  miles  east  of 
the  village  of  Irving.  Along  the  (Ooldwater  River,  the  impoundment  would 
extend  upstream  to  just  east  of  Freeport.  The  Labarge  Reservoir  would 

contain  80,000  acre-feet  of  water  with  a surface  area  of  5,700  acres  at 
a maximum  pool  elevation  of  735  feet.  The  shore  line  encompassing  the 
pool  would  be  42  miles  long. 

Under  usual  conditions,  in  the  absence  of  floods,  the  water,  level 
at  the  dam  would  be  at  elevation  710  feet.  This  would  create  a 
pool,  with  a volume  of  10,000  acre-feet  of  water.  The  surface  area 
would  be  10,000  acres  with  the  average  pool  depth  being  10  feet  and 
the  encompassing  shore  line  being  25  miles  long. 

The  Labarge  Reservoir  dam  would  have  a spillway  288  feed  long 
equipped  with  five  20  x 50  foot  ta inter  gates  and  one  20  x 20  fooi  fainter 
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gate.  The  six  gates  could  pass  a discharge  of  95,200  cuLic  feel  per 
second . 

Data  pertaining  to  pool  elevation,  storage  volume,  and  surface 
area  are  presented  in  lable  II  I -26-  A plan  and  features  of  the  dam 
are  presented  on  Plates  0~55  and  Q-56, 

The  site  is  located  on  a stream  which  the  Fish  Division  of  the 
Michigan  Department  of  Natural  Resources  has  indictited  to  have  potential 
for  ,3n  anadramous  fish  program.  However,  many  streams  in  the  Basin 
have  potential  for  this  program.  The  stream  has  not  been  designated, 
to  date,  as  part  of  the  anadramous  fish  program  of  the  Michigan  Dep  irt- 
ment  of  Natural  Resources.  The  availability  of  a sufficient  number  of 
other  locations  for  this  purpose  resulted  in  agreement  by  the  Basin  Plan 
Formulation  Subcommittee  that  this  site  should  be  considered  in  more 
detail  as  part  of  the  Basin  Plan. 

That  part  of  the  reservoir  lying  along  the  Thornapple  River,  south 
of  Labarge,  would  flood  several  rural  roads,  5.6  miles  of  present  Penr' 
■ientr.il  railroad  tracks,  2.F  miles  of  existing  6"  pipe  for  petroleum  and 
several  homes  at  Middleville.  Thus  substantial  relocations  would  have 
to  be  effected.  That  part  of  the  reservoir  lying  along  the  Coldwater 
River  east  of  Labarge  would  inundate  uninhabited  low  lands  along  the  stream. 

The  reservoir  would  be  used  for  flood  control  and  for  fish  and 
wildlife.  Flood  control  benefits  would  be  realized  for  Plainfield  Town- 
sfiip  and  Grand  Rapids. 

It  is  estimated  that  the  average  annual  benefits  would  be:  for 

flood  control  $200,000  and  for  fish  and  wildlife  $42,000.  The  first  cost 
of  construction  is  estimated  to  be  $5,475,000.  Average  annual  costs 
for  the  project  are  estimated  to  be  $269,200.  The  total  average  annual 
benefits  of  $242,000  and  total  average  annual  costs  of  $269,200  \'Ield  a 
benefit/cost  ratio  of  0.90. 
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Table  III-26 

SUMMARY  OF  DATA  ON  RESERVOIR  SITE  22 
(Labarge) 


GENERAL 
Stream 
River  mile 

Drainage  area  (square  miles) 

ELEVATION  (feet  above  mean  sea  level) 

Top  of  dam 
Maximum  pool 
Top  flood  control  pool 
Top  water  quality  pool 

Top  recreation  and  fish  and  wildlife  pool 
Stream  bed 

STORAGE  (acre  feet) 

Flood  c ojj^r 
Water  quality 

Recreation  and  fish  and  wildlife 

SURFACE  AREA  (acres) 

Maximum  pool 

Top  flood  control  pool 

Top  water  quality  pool 

Top  recreation  and  fish  and  wildlife 

PERIMETER 

Perimeter  of  maximum  pool  (miles) 

DESIGN  DATA 
Length  of  dam 

Side  slopes  (horlzontal/vertlcal) 

Gates,  number  and  size  (feet) 

Crest  elevation  (feet  above  mean  sea  level) 
Apron  elevation  (feet  above  mean  sea  level) 


Thomapple  River 
11 
768 


740 

735 

735 

N/A 

N/A 

§71 


80,000 

80,000 

N/A 

N/A 


5,700 

5,700 

N/A 

N/A 


49 


1,950 

upstream  3:1;  downstream  2.5:1 

5-20X50  1-20X20-Tn in- 
715  ter 

661 


Discharge  at  maximum  pool  (cubic  feet  per  second) 

ECONOMIC  DATA 

Average  annual  benefits: 

Flood  control 
Fish  and  wildlife 
Total 

Average  annual  cost 
Benefit/cost  ratio 


95,200 


$200,000 

42,000 

242,000 

269,200 

0.90 
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c.  Duck  Creek  Reservoir.  The  dam  for  the  proposed  Duck  Creek 
Reservoir,  Site  No.  25,  would  be  constructed  on  the  Creek  about  3 river 
miles  east  of  its  confluence  with  the  Coldwater  River  near  the  village 
of  Freeport.  The  Coldwater  River  is  the  principal  tributary  of  the 
Thornapple  River.  The  dam  would  be  located  in  Campbell  Township,  Ionia 
County.  The  proposed  impoundment  extends  northeast  about  7 miles 
from  the  dam  past  the  community  of  Campbell  Corners.  State  Highway  M-45 
crosses  through  the  center  of  the  proposed  impoundment  in  a north-south 
direction  and  several  other  county  roads  cross  the  proposed  impoundment. 

The  Chesapeake  and  Ohio  Railroad  crosses  the  upper  end  of  the  pool. 

The  land  is  rolling  and  hilly  and  is  used  mainly  for  agriculture; 
there  are  large  wood  lots  adjacent  to  the  creeks.  The  soils  are  loam, 
clavloam  and  silty  clayloam,  all  products  of  glaciation  and  imperfectly 
drained.  Population  in  the  small  region  of  and  around  the  reservoir 
is  sparse;  there  are  no  large  villages  or  cities  in  the  locale. 

The  proposed  Duck  Creek  Reservoir  would  be  used  to  impound  water 
on  the  Creek  for  recreation  and  fish  and  wildlife  needs.  The  reservoir 
would  have  a 3,070  foot  long  earthen  dam  constructed  across  the  Creek 
to  elevation  825  which  would  be  55  feet  above  the  stream  bed.  The  water 
impoundment  would  extend  upstream  about  6 miles.  The  reservoir  would 
contain  19,500  acre-feet  of  water  and  would  have  a surface  area  of  940  acres 
at  its  maximum  pool  elevation  of  820  feet.  The  average  pool  depth  of 
the  reservoir  would  be  20.8  feet.  At  the  maximum  poo!  elevation,  the 
perimeter  of  the  shoreline  encompassing  the  reservoir  would  be  about 
16  miles. 

The  dam  would  have  a spillway  33  feet  long  equipped  with  a 20  x 30 
foot  ta inter  gate  that  could  pass  a discharge  of  9,200  cubic  feet  per 
second.  Data  pertaining  to  pool  elevation,  storage  volume,  and  surface 

area  are  presented  in  Table  111-27.  A plan  of  the  reservoir  and  features 
of  the  dam  are  shown  on  Plates  Q-51  and  0“58. 

Filling  of  the  reservoir  would  flood  six  homes,  0.2  of  a mile 
of  the  Chesapeake  and  Ohio  railroad  track  and  the  following  paved  high- 
ways: Bell,  Campbell,  Morrison  Lake,  and  M-50.  Thus  substantial  reloca- 

tions are  requi red . 
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Aver^iqe  cMinujil  benefits  from  recreation  are  estimated  to  :e 
$54?, 000;  for  fish  and  wildlife  accommoda f ion  tiie  averaqe  annual  benefits 
are  estimated  to  be  $38,000.  The  first  cost  of  construction  is  osti''.!ted 
to  he  $P,9bl,000.  Avoraqe  annual  cost  is  estimated  to  be  $448,500. 

The  total  average  annual  benefits  of  $580,000  and  total  averaqe  annual  cost- 
$448,500  yield  a benefit/cost  ratio  of  1.29. 
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Tabli^  111-27 

SUMMARY  OF  DATA  ON  RESERVOIR  SITE  2S 
(Duck  Creek) 


GENERAL 

Stream  Duck  Creek 

River  mile  4 

Drainage  area  (square  miles)  26 

ELEVATION  (feet  above  mean  sea  level) 

Top  of  dam  825 

Maximum  pool  820 

Top  flood  control  pool  N/A 

Top  water  qualitv  pool  820 

Top  recreation  and  fish  and  wildlife  pool  N/A 

Stream  bed  770 

STORAGE  (acre  feet)  Id, 480 

Flood  control  0 

Water  quality  0 

Recreat io^  and  fish  and  wildlife  ld,4R0 

SURFACE  AREA  (acres) 

Maximum  pool  945 

Top  flood  control  pool  N/A 

Top  water  qualitv  pool  N/A 

Top  recreation  and  fish  and  wildlife  945 

PERIMETER 

Perimeter  of  maximum  pool  (miles)  17 

DESIGN  DATA 

Length  of  Jam  J,0/0 

Side  slopes  (horizontal/vertical)  upstream  3:1;  downstream  2.5:1 

Gates,  number  and  size  (feet)  1-20X30 

Crest  elevation  (feet  above  mean  sea  level)  800 

Apron  elevation  (feet  above  mean  sea  level)  7b0 

Discharge  at  maximum  pool  (cubic  feet  per  second)  9,200 


ECONOMIC  DATA 

Average  annual  benefits 
Recreat ion 
Fish  and  wildlife 
Total 

Average  annual  cost 
Belief  i t /t:ost  ratio 


S 54 2, 000 
38,000 
580,000 
448,500 
1 .29 
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d.  Fish  Creek  Reservoir.  Fish  Creek  rises  in  Crystal  Township, 
hbntcalm  County.  The  stream  flows  from  this  point  south  13  miles,  and 
east  1.5  miles  to  its  confluence  with  the  Maple  River.  This  is  where 
the  Maple  crosses  the  east  Ionia  County  Line  at  the  village  of  Matherton. 
The  proposed  dam  for  the  Fish  Creek  Reservoir,  Site  No.  47A,  would  te 
situated  across  the  stream,  4.5  miles  north  of  its  confluence  with  the 
Maple  in  Bloomer  Township,  Montcalm  County,  2.5  miles  north  of  the  village 
of  Hubbardston.  Upstream  from  the  propo  cd  dam  Fish  Creek  drains  150 
square  miles.  The  water  course  has  a well  defined  valley  within  the 
proposed  flooding  area  and  is  surrounded  by  moderately  hilly  country, 
f-tast  of  the  land  is  used  for  woodlands;  there  is  some  agricultural  usage 
and  minor  urban  use  at  Carson  City.  Population  is  sparse  in  the  reser- 
voir locale.  The  soil  is  sandy  silt  with  some  c-av-  For  the  core  of 
the  dam  there  is  sufficient  clay  nearby  and  fur'-hermore  it  appears  that 
there  is  enough  clay  in  the  area  of  the  reservoir  to  limit  water  seepage 
to  an  acceptable  level. 

The  proposed  reservoir  would  be  used  to  impound  water  for  recre- 
ation and  fish  and  wildlife  needs.  The  reservoir  would  have  a 4,040  foot 
long  earthen  dam  constructed  across  Fish  Creek  to  elevation  755 
which  would  be  60  feet  above  the  stream  bed.  The  reservoir  would  contain 
33,600  acre-feet  of  water  having  a surface  area  of  3,200  acres  at  a 
maximum  pool  elevation  of  750  feet.  The  average  pool  depth  of  the 
reservoir  would  be  10.5  feet.  For  the  maximum  pool  elevation  of  750 
feet,  the  shoreline  encompassing  it  would  be  about  27  miles  long.  It  is 
estimated  that  under  average  conditions  the  reservoir  would  fill  in  one 
year . 

The  proposed  impoundment  would  extend  north  through  Bloomer 
Township  past  Carson  City  into  Montcalm  County.  At  Carson  City  levees 
would  be  required  north  beyond  a snaller  tributary,  Butternut  Creek, 
roughly  to  the  township  line.  The  reservoir  crosses  State  Highway  M-57 , 
an  east-west  route.  Paved  roads  that  would  be  inundated  are:  Mt.  Hope, 

Herrick,  Boyer,  and  Garlock.  State  Highway  M-57  would  require  one  new 
bridge  and  0.7  mile  of  new  highway.  The  Grand  Trunk  Western  Railroad 
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tracks  would  be  flooded  for  a distance  of  0.4  mile  necessitating  bridging 
or  rerouting. 

This  pro ject  may  I ie  over  the  limits  of  a produci ng  oilfield. 
Producing  and  discontinued  wells  should  be  located  and  checked  to  ensure 
against  pollution  by  seepage  from  wells  or  loss  of  surface  water  into 
abandoned  wel Is. 

Data  concerning  the  improvement  are  presented  in  Table  III-28- 
A plan  of  the  reservoir  and  features  of  the  dam  are  shown  on  Plates 
Q-59  and  0~60  respectively. 

It  is  estimated  that  the  average  annual  recreation  benefits  will 
be  $841,000;  fish  and  wildlife  average  annual  benefits  will  yield  $115,000 
making  a total  of  $956,000.  The  first  cost  of  construction  is  estimated 
to  be  $5,500,000.  Average  annual  costs  are  estimated  to  be  $706,100. 

The  total  average  annual  benefits  of  $956,000  and  average  annual  costs 
of  $706,100  yield  a benefit/cost  ratio  of  1.35. 
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Table  III-28 


SUMMARY  OF  DATA  ON  RESERVOIR  SITE  47A 
(Fish  Creek) 


GENERAL 
Stream 
River  mile 

Drainage  area  (square  miles) 

ELEVATION  (feet  above  mean  sea  level) 

Top  of  dam 
Maximum  pool 
Top  flood  control  pool 
Top  water  quality  pool 

Top  recreation  and  fish  and  wildlife  pool 
Stream  bed 

STORAGE  (acre  feet) 

Flood  control 
Water  quality 

J^QX^at-ion  and  fish  and  wildlife 

SURFACE  AREA  (acres) 

Maximum  pool 

Top  flood  control  pool 

Top  water  quality  pool 

Top  recreation  and  fish  and  wildlife 

PERIMETER 

Perimeter  of  maximum  pool  (miles) 

DESIGN  DATA 
Length  of  dam 

Side  slopes  (horizontal/vertical)  upstream  3: 

Gates,  number  and  size  (feet) 

Crest  elevation  (feet  above  mean  sea  level) 

Apron  elevation  (feet  above  mean  sea  level) 
Discharge  at  maximum  pool  (cubic  feet  per  second) 

ECONOMIC  DATA 

Average  annual  benefits: 

Recreat ion 

Fish  and  wildlife 

Total 

Average  annual  cost 
Benefit/cost  ratio 


Fish  Creek 
7 

150 


755 

750 

N/A 

750 

N/A 

695 

33,576 

0 

0 

33,576 


3,006 

N/A 

N/A 

3,006 


27 


4,000 

; downstream  2.5:1 
N/A 
730 
685 
27,000 


$841 ,000 

1 15.000 

956.000 
706,100 

1 . 35 
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River  Reservoir,  Siie  No.  148,  would  tie  located  on  the  upper  reacti  of 
the  LooRi  ngg  I a js  River  <jtHiut  3. '3  miles  southeast  of  tfie  village  of 
f'tarrice  in  the  south  central  part  of  Shiawassee  County.  The  drainage 
area  of  the  Lookinqglass  River  above  the  proposed  reservoir  site  is  lb.? 
square  miles.  The  area  lies  within  the  Southern  Mictiigan  drift  plains 
which  contains  many  depressions.  The  soils  consist  of  shallow  and  d'-ep 
mucks,  sand,  gravel,  loams,  and  clay  loams.  The  topography  is  tiilly 
and  marshy  and  the  area  is  very  sparsely  populated. 

The  proposed  reservoir  would  provide  for  recreation  and  for  fist, 
and  wildlife  needs.  It  would  include  a 1,300  foot  long  earthen  dam 
constructed  on  the  river  to  a height  of  22  feet  above  the  stream,  bed  at 
elevation  373.  The  dam  would  include  a spillway  having  one  10  x 2b  foot 
tainter  gate  that  could  pass  a discharge  of  5,850  cubic  feet  per  seccn(J. 

The  reservoir  would  have  a storage  capacity  of  2,500  acre-feet  of  water 
that  would  have  a surface  area  of  400  acres.  A plan  of  the  reservoir 
and  features  of  the  dam  are  shown  on  Plates  Q-61  and  0-62  respectively. 

Data  pertaining  to  pool  elevation,  storage  volume  and  surface  area  are 
oresented  in  Table  111-2'^. 

The  total  f i I'st  cost  of  the  proposed  reservoir  project  is  estlm;at.-.d 
to  be  ?4, 071, 000.  Total  average  annual  costs  are  SI84,400  and  total 
average  annual  benefits  are  $352,000  which  yield  a benef it/cost  ratio  of  l.d|. 

r.  Grub  Creek  Reservoir.  The  proposed  Grub  Creek  Reservoir,  Site- 
iio.  149  would  be  constructed  on  Grub  Creek,  a small  triputarv  of  +ne  loo^ i • 
glass  River.  The  reservoir  site  would  be  located  in  Antrim  Towns*' in, 
Shiawassee  County  about  2.5  miles  east  of  the  village  of  Morrice.  The  dra'-'i-- 
ir'.M  of  Grub  Creek  above  the  site  of  the  proposed  reservoir  is  'K*-'  square 
-ales.  The  topoqraphy  of  the  area  consists  of  till  Is  and  marshes.  The  soil'' 
ir  ■ made  up  of  shallow  and  deep  muck,  sand,  gravel,  loams,  and  clav  I r . 

T‘  ■ ire,)  is  very  sparsely  populated. 

The  proposed  reservoir  would  be  used  to  impound  water  for  rt'creafir-. 

;•  I for  fish  and  wildlife  purposes.  It  would  have  a 1,740  foot  Iona  earf 
1 ' on  the  k reek  constructed  to  a height  of  2R  feet  above  the  sfr.'am.  te! 

; •‘levifion  H74.  The  aam  would  include  a spillway  having  one  10  \ ^0  foot 
‘ tor  gate  that  could  pass  a disch.arge  of  ,n?0  cubic  feet  per  .l•.■ond. 

T . r.  '.'rvoir  would  have  a uforatje  cap.acitv  of  ^,n70  acre-feet  . f ai‘it 
■ vi'  ; I .arfac'  ire.i  of  530  .teres. 
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The  proposed  structure,  if  constructed  at  the  site  currently 
selected,  may  conflict  with  the  operations  of  two  local  sand  and  qravel 
producers,  the  Fuoss  Gravel  Company  and  the  Shenk  Gravel  Company.  Data 
pertaining  to  pool  elevation,  storage  volume  and  surface  area  are  presented 
in  Table  lll-TO.  A plan  of  the  reservoir  and  features  of  the  dam  are 
shown  on  Plates  Q-63  and  Q-64  respectively.  Estimates  place  the  average 
annual  benefits  that  will  result  from  fish  and  wildlife  activities  and 
recreation  at  $21,000  and  $468,000  respectively.  The  total  first  cost 
of  the  proposed  reservoir  structure  is  estimated  to  be  $5,132,300;  the 
total  average  annual  costs  are  $252,300.  The  total  average  annual  bene- 
fits are  $489,000  which  yield  a benefit/cost  ratio  of  1.94. 
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Table  111-29 


SUMMARY  OF  DATA  ON  RESERVOIR  SITE  |48 
(Looklngglass  River) 


GENERAL 
Stream 
River  mile 

Drainage  area  (square  miles) 

ELEVATION  (feet  above  mean  sea  level) 

Top  of  dam 
Maximum  pool 
Top  flood  control  pool 
Tcp  water  quality  pool 

Top  recreation  and  fish  and  wildlife  pool 
Stream  bed 

STORAGE  (acre  feet) 

Flood  control 
Water  quality 

Recreatimi  and  fj.sh  and  wildlife 

SURFACE  AREA  (acres) 

Maximum  pool 

Top  flood  control  pool 

Top  water  quality  pool 

Top  recreation  2ind  fish  and  wildlife 

PERIMETER 

Perimeter  of  maximum  pool  (miles) 


Looklngglass  River 
45 
15 


875 

870 

N/A 

N/A 

870 

853 

2,500 

0 

0 

2,500 


400 

N/A 

N/A 

400 


6 


DESIGN  DATA 

Length  of  dam  1,300 

Side  slopes  (horizontal/vertical)  upstream  3:1;  downstream  2.5:1 

Gates,  number  and  size  (feet)  2-10X25-Taintcr 

Crest  elevation  (feet  above  mean  sea  level)  860 

A^on  elevation  (feet  above  mean  sea  level)  848 

Discharge  at  maximum  pool  (cubic  feet  per  second)  5,850 


ECONOMIC  DATA 

Average  annual  benefits: 


Recreation  $335,000 

Fish  and  wildlife  17,000 

Total  352,000 

Average  annual  cost  184,400 

Benefit/cost  ratio  1.91 


Ill-iOO 


Table  111-30 


SUMMARY  OF  DATA  ON  RESERVOIR  SITE  U9 
(Grub  Creek) 


GENERAL 

Stream  Grub  Creek 

River  mile  2 

Drainage  area  (square  miles)  10 

ELEVATION  (feet  above  mean  sea  level) 

Top  of  dam  874 

Maximum  pool  870 

Top  flood  control  pool 

Top  water  quality  pool  870 

Top  recreation  and  fi^h and  wildlife  pool  870 

Stream  bed  847 

STORAGE  (acre  feet)  3,670 

Flood  control  0 

Water  quality  0 

Recreation  and  flsh_and  wildlife  3,670 

SURFACE  AREA  (acres) 

Maximum  pool  530 

Top  flood  control  pool  N/A 

Top  water  quality  pool 

Top  recreation  and  Hsh  and  wildlife  530 


PERIMETER 

Perimeter  of  maximum  pool  (miles)  9 


DESIGN  DATA 
Length  of  dam 

Side  slopes  (horizontal/vertical)  upstream 

Gates,  number  and  size  (feet) 

Crest  elevation  (feet  above  mean  sea  level) 

Apron  elevation  (feet  above  mean  sea  level) 

Discharge  at  maximum  pool  (cubic  feet  per  second) 


1,240 

3:1,  downstream  2.5:1 
1-10X30 
860 
842 
3,920 


ECONOMIC  DATA 

Average  annual  benefits: 


Recreation  $468,000 

Fish  and  wildlife  21,000 

Total  489.000 

Average  annual  cost  252,300 

Bcneflt/cost  ratio  1.94 
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1 3.  Suggested  Managemerrl  Programs.  j 

a.  Land  Treatment.  Land  treatment  measures  for  watershed  i 

protection  will  be  needed  on  1,471,000  acres  of  crop,  pasture,  forest,  j 

\ ' 

and  miscellaneous  land  within  the  Basin  by  1985.  In  order  to  help  meet  | 

these  needs,  it  is  recommended  that  the  current  Soil  Conservation  Service  | 

programs  and  the  cooperative  Federa I -State  forestry  programs  be  continued  j. 

I at  the  present  levels  of  accomplishment.  These  programs  will  provide  [■ 

adequate  treatment  for  145,000  acres  of  cropland,  15,000  acres  of  pas-  p 

ture  land,  20,000  acres  of  forest  land,  and  3,000  acres  of  miscellaneous  | 

land.  This  represents  a total  of  183,000  acres,  or  12  percent  of  the  I 

total  1085  needs.  | 

In  order  to  more  fully  meet  total  1985  needs,  and  to  provide  | 

adequate  protection  for  proposed  structural  measures,  a 10  year  | 

accelerated  land  treatment  program  is  recommended.  This  program  will  | 

apply  the  necessary  treatment  on  an  estimated  481,200  acres,  or  33  percent  g 

f‘ 

I of  the  total  Basin  needs.  The  cost  of  this  program  is  estimated  to  be  j 

[ $26,355,600.  One  portion  of  this  accelerated  program  will  be  implemented 

within  the  proposed  upstream  watershed  areas  , (refer  to  page  111-35).  Uiis  | 

program  will  provide  adequate  treatment  for  148,600  acres  at'  an  estimated  j 

cost  of  $7,763,000  (Table  111-50).  It  will  accomplish  74  percent  of  the  | 

remaining  1985  needs  within  these  watersheds.  j' 

The  other  phase  of  the  accelerated  land  treatment  program  will 
be  applied  within  the  drainage  area  of  the  proposed  multi-purpose  struc- 
tures. This  program,  to  be  implemented  through  Soil  Conservation  Service  L 

and  Coop'^  ■*'ive  Federa  I -State  forestry  programs,  will  provide  adequate  ^ 

treatment  for  332,600  acres  at  an  estimated  cost  of  $18,572,000.  If  will  t 

provide  for  66  percent  of  the  remaining  1985  needs  behind  the  proposed  | 

structure  sites.  t 

Conservation  treatment  measures  will  include  (i)  water  control  | 

measures  such  as  terraces,  waterway'',  and  field  diversions;  (2)  measures  I 

to  protect  the  soil  from  erosion  and  increase  infiltrafion  rates  such  as  I 

sfrip  cropping,  contouring,  cover  cropping,  minimum  tillage,  and  crop  1 

residue  management;  (3)  farm  drainage  systems;  (4)  farm  ponds;  (5)  gully  | 

control  measures;  and  (6)  improved  forest  land  manage^ment . [ 
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Taule  HI-31  Reci  "ended  10-year  Accelerated  Land  Treatment  to  be  Applied  by  1985 


rultiple  trea+i^ent  of  "^hese  acres. 


Table  1 11-32  ACCOMPLISHMENT  OF  LAND  TREATMENT  NEEDS 


Grand  River  Basin,  Michigan 


L mj  Use 

Area 

Requ i r i ng 
T re. ; •"•en  t 
Bv 

Proposed 
t >r 1 y Action 
Program  1/ 

Pema i n i 
1985 

i ng  Needs  After 
2000 

1 reatren  t 
2020 

( 1 000  Acres ) 

- rop 1 ang 

748.0 

507.6 

240.4 

100.0 

60.0 

' isture  L.jnd 

14-1.0 

62.3 

86.7 

55.0 

25.0 

Forest  Lar  J 

471.0 

t't.'.b 

404.5 

CD 

O 

:''.'.o 

’•'i  e 1 1 .ineous 
Lane 

o 

o 

GO 

75.2 

18.0 

15.0 

Tot,)  1 

1 ,47  1 .0 

664.2 

806.8 

299 . 3 

125.0 

\J  Lstin.itoil  acromp  I i shments  of  t'Oth  current  and  accelerated  programs. 
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Tho  cor'i'inrcl  oirej  and  ccst  ct  land  +rocatr(  nt  to  ^.o  r I i r c;  • , *■  i--, 
rroposcd  acccU'rated  pro<;rar-  v/ i th  i n fho  urstnoan",  watrrshrd  cand  - *'o  r^l-i- 

Durixise  structure'^  is  crosented  in  Tablo  111-^''^. 

Tc  provide  additional  incentive  ♦or  accorpi  ish'^ent  o‘  t"(,-  rro:.~.  ,c 
torostry  Droerar,  ir  is  recorrtenced  th<it  t-^e  Tcderal  ''overnrert  cost-  ‘'  •re- 
percent  of  both  tne  technical  assistance  costs  with  the  State  arc:  “ 
lation  costs  with  private  landowners.  This  riay  require  additional  5ut*-r  r i pat  i n 
and  nev/  coooerativc  anreerents  between  State  and  Tederal  '’•overnf'ents . 

Accord  ls‘  rent  of  the  current  and  proposed  accel  crated  land  r.  t- 
nent  proqrars  described  above  will  apply  needed  conservation  and  i r p rc  vr'-er  » 
''oasures  to  dS  p(  reent  of  the  prcPIcr  area  bv  dP5.  The  r<^r>inine  I ■'‘- 

rent  needs  (Tat'lc  Il)-'l)  will  be  cnnsidercc  tor  corrective  reasunes  . 

continuation  ot  effort  under  current  proerar:s  with  acceleration  it  nesr : ;rv. 

Approx  i rate  I y percent  of  all  land  treats'ent  needs  snoula  be  .ati^'ie  . • . 
y«vir  2020.  A portion  of  taese  land  i rr-roverents  will  be  installed  in  cr’'u''rti  n 
with  the  28  upstre-an  ■.•'atersheds  w i tit  potential  for  future  developrent  di  ,cue-(,: 
in  the  structuril  phase  of  this  section. 

Soil  [rosion  bonfrol  dtnulations.  Sri  I transporf  to  I ’^(S  me  I'lrva'-. 
beccros  a rore  crirical  priMcr  each  year  due  to  intensive  famin'  pr 
inadequate  land  conservat ion  practices,  and  uncontrolled  runot f < ror  r s 1 ''v 
urbanizino  areas.  Sedimentation  in  waterways  leads  to  increased  f I oocM  • , 

destruction  of  fceci  areas  for  fish,  hazardous  conditions  ai'c'ctini-  recr.-  .fl.'’)l 
uses  of  streams,  and  adverse  chansi'S  in  water  quality  char  ipteri  . r i cs  . I" 
particular,  recu  I at  !■-  r.^  to  enforce  erosion  control  m(?asurrs  t csnstruc'iv' 
jites  arc  needed,  l.ana  troatrent  rro'Tans  should  1)C  irpi  c'(  nt|-.p.  ; i-t, 

and  local  I or;  i S I ati  on , to  surolerent  existine.  authorities,  i . c‘'srr+i  tl  I’ 

■ isin's  soil  resourci.:  e.nd  water  courses  are  to  be  protectee:. 

c.  U'ater  fuiply  Ir  provcr.(;nt.  dmound  and  surfacewater  d(  \ e I ^ i n : 
provide  simif  leant  alternatives  to  reservoir  storace  development  for 
creation  and  maintenance  of  municipal  or  industrial  wa+er  suprIit'S.  Th  i •.  : , 

:rt  i cu  I ar  I y true  in  the  western  part  of  tht'  Basin  where  pipeline-,  re  Lahe 
•'ichiq.jn  m.ay  be  sharc'd  by  several  communities,  or  where  eround  water  aquifers 
are  abundant  i no  ray  sup.fxart  enourh  wells  to  serve-  an  entire  rnioral  p\  ‘or  . 
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The  Oovc-lopment  o*  arti*icial  underriround  and  tnp  eroator 

use  of  natural  acui  fers  ray  r.(  otnep  feasible  a I tornat  i vor.  to  reservoir  s-:oran<  . 
■<st  results  can  be  expectre  in  those  areas  where  the  p ern-eab  i I i !y  rf  thicknes: 

■f  overburden  is  Such  that  acetuate  infiltration  rates  can  be  ac-ievea. 
ivertinf;  strears  through  suer  areas  or  creatinr:  natural  pools,  as  the  city 
o‘  ralara^cn  done,  ray  be  ether  acceptable  alternatives.  '.■•(•Ms  drillec 
in  close  proxirity  to  theS'  :ti,-.;s  of  irproved  water  in  + i l+ration  and  rr-terticr 
or  alone  streams  mioht  withstand  higher  Dumnin[_-  rates  t‘’an  wel  Is  in  locations 
I :C'<i  ne  access  to  Such  erou'^d  ;ter  supplies.  V.'ater  supply  options  '‘uch  as 

'-av  *'e  profitably  cmsloy<d  in  many  ivas  i n areas,  anc  their  use  may  wel  I ! ■ 
'ctccd  in  those  areas  wit*-ouf  adeeuate  reservoi  r sites. 

d.  btrear  Channel  Clcirincel!  btream  channel  clcararce  r.er"^airs  to  ttp 
rorcvul  of  any  obstruct  i cr.  in  rhr  stream  channel  that  is  dctrirertal  to  tn< 

Public  health,  safet'.',  or  ■.•cl''  ‘re.  ti  lines  and  other  ahiinccned  struc'urcs  arc 
-.nov/n  to  exi'^t  in  the  ''rard  ' i vt  r and  the  Thornar.pic  'iver.  i s Iccatr-'.  +rrrs 
urc  'cattercc  alone  the  stroi.r  bees,  and  pile  ur  at  hridec  ahu'^'rorts  a-'d  d-.mp  . 
"inor  streams  are  sometimes  cor  ' Ictcly  Lriderd  !-y  oliStruct  ions . 

In  order  to  preservf  the  stream^  and  to  dcvcTcip  t'^er  far  r^vi'-ur 
( ! f '..cf  i vcncss  , local  cover  n'-rnta  I units  should  adopt  and  enforce  watrn-.ay  regu- 
latit.rs  rcduirine  thui  obstructions  detr  i rente  I to  the  public  health,  sa*r*,,  er 
wel  fare  f:c  desisnated  as  puMic  nuisances  and  be  elirinated.  '.-.'henr ver  possi;-!-  , 
res  pons  i p i I i ty  for  the  rrr'vcntisn  or  elimination  of  a rutlic  nuisance  should 
:-c  assienoo,  with  appropriate  penalties  against  failure  to  <hct,  hut  each  local 
tovf rnmenta I unit  should  be  prepared  to  eliminate  the  nuisance  if  if  is  not 
possible  to  identify  the  responsible  party. 

14.  buencsted  Data  Collection  f roprams. 

a.  fiorizontal  and  Vertical  r.eodetic  Control.  The  sreater  part  of  fho  -rare 
'"iver  basin  is  without  horizontal  geodetic  control;  however,  the  basin  is  reverf.; 


* The  Corps  of  Engineers,  under  provisions  of  Section  208  of  the  1954  Flood 
Control  Act  (Public  Law  83-780)  may  perform  certain  clearing  and  snagging 
operations  where  obstructions  to  stream  flow  cause  severe  flooding  conditions. 
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L'v  .)  not'^vcrk  ' vcr-'ic.jl  occirTic  cor‘rr'1.  "-'f-rr  is  a I i 1 +oc  .•'•ir  -- 

of  hcri’ontal  I arounc  t-'o  outer  eCor-  o‘  ♦‘■ir.  r-aeir.  I .;'~r  S"r.^l  ■■■:[.( 

and  furcs  proviced  ro  c:vrr  fpf-  ''nsir  i a rotwork  of  horizontal  cor-r  I.  '■  o 
no‘:sihU  neoc  r i re  corrrr-(,.->p5 i vi--  v^rtiral  ccntr;.l  ^c  tvcr--  over  . 

jPOuIc  ilno  ’0  C-rr;  i r , . •jc'"  ;i  ne*v.r.r‘,  of  hCrizorr.il  onr  ,'f  r • i C I ■'  *i 

control  .-.''ulc  Ol.  v/il.;”  In  i rlu''’^ir'-'  cono  + ruCt  i ct  , ,>ctu.;l  Cor--‘r;.r*'  J 

re  I OCJ3 1 ions  , f i ' i con  .3nd  I :r usr  i tt.  i -i  the  t.isir, 

tpr  , -r  ::  • i ; j:  i n . r.xiotin"  tr po''rriP'' i r •-irrin'-  c'  “ f ' iver 

: 3Cir  i-  ir  jC-'o...-  . • I"  .’u-  l-o?'',  K opt  n.rp  ecu.^rc  r I I re  f ••  ,'!■ 

n 3G  revt.r  . •or  tor  ,■  r 'ph  i c t(OTjrr-.  ,i*‘l--  •■■e  r .ir  • • ; v.  ,i  ^ , 

in  let  i vt.  ri  r r i ' ■ ■ r r t i , n tn  r "iS  i r Pop  r,  vcrccr  ( S O'  *'■  > dC  f ' i I’.n " . 
..or-,  i;.  uhdc  o.-ay  in  *nooc  u.Mr-in.- 1 i-.ifiie''  irr  still  ur'-i::od.  ^ 
of  this  orr'-rar,  n ir.cl.jOi  ur'O.ti'^o  arc  corvnrsinn  o'  \'j-r\r\j~r  ^ui";ran^l(S 

* T-M?  '■inutc  ru.ulnnr:  I CO  con*rur  i r.tr  rv  ■■  I .u  i - rr---i  -,id  ir 

th(;  rlinnin  one  Gove  I or  r < •'.  f res'u''C(S  I th  i r the  ''rone  'iver  h .r- ; r _ 

C.  uO  i I -.urvo'VS.  Sc  i I ,_rvoy'^  '■  ovc  hen--  jSCG  t;  uidr  I 'r  re 

riraorr-ont  docisiorr  rr  ‘irrs  ind  i tores+r,  for  nry  ynprs,  Tr,r  ri-.  princi- 
ples z‘  - .mao  i r.  • SC’ i I md  v,.it.  r c<m  i e arrliod  to  urt..m  ervr  ir r-- * rro'  i < rs  . 

T‘'C  soil  survev  .irocriros  noil  lirio-oions  f-r  '..uildir^  .ites,  or-  it-  " j . 

disposal,  road  cons  fruct  icr , r,. err 'tie"  dev>' I orr  rr-^,  me  other  ’.jr,'  . I"  r;/ 

■ ilso  hr-  used  to  loc.'tr  poto''fi.,l  recir-ont  source  arrm,  and  t i ‘.cl  *’'  >■ 
flood  r I a i r dr  I I nci  *■  i o r . 

Cfirmlnfed  and  currently  programmed  soil  survevs  covr  r t livrr  - o.. 
t.^^enfv  counties  .-j  i t''  acrea-.r  within  the  ivnsin.  The  Soil  ''ersnrv • 1.  .1  'rv-i^r 
is  conductin;  soil  surveys  for  conservation  r.lanninr  ir  thr  rr'-  i-ir  sine 
courtier.  Thi'-.  level  of  Survey  activitv  v.- 1 I I rot  tc  sijtficicr:  to  rrrvi;:-- 
for  si  I of  th(  nc(  hr  c‘  the  c'xparrino  urtan  areas. 

tn  accf,  1 prated  proorar  is  recorrended  which  ■■ill  corpio'e  1h,.  1 | 

survey  f h rcu’nhout  the  Isisin  hy  i’>rr.  total  area  <■'  1,17?,'^-''  srrs  . 'll 
surveyed  tnrc'ury  the  llation.il  Cooperative  fioi  I furvp’,  a*  •■•r  r''ti'->-'-f  ....  I 
of  S7!'l,'^0.'.  I .'rl',  erpnasis  should  I'c  "ivf'r’  tc  “-p  rxr  -r  < i r • r 
J iCt.s^  )P  'reas  . 
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Sect  Ion  IV 


BENCriTS  AND  ALTEPNATIVES  - PI  A',  t, 

1 . INTRODUCTION 

This  section  ioentities  the  benefits  attributable  to  the  Hns  > r r|;,r\ 
by  functional  category  of  benefit;  for  r-xarrple,  water  supply,  water  cuality 
enhancement,  irrigation  and  so  forth.  It  also,  where  appropriate,  i nen- 
tifies  and  evaluates  alternative  means  of  providing  benefits,  by  functional 
category  . 

2.  WATER  SUPPLY 

a.  Genera  I . Data  on  municipal  and  municipal  Iv  supplied  ind  ‘■'-iai 
water  use  was  presented  in  Section  II. 

b.  Wa*’er  Supply  at  Lansing.  |t  nas  been  estir'a  + cd,  on  the  t sis  of 
projected  water  reeds  relative  to  data  obtained  from  the  '"eclogical  ..urvey, 
tf.at  Lans  i PC  w i I I regu  i re  11  8 m i 1 I ion  ga  I Ions  of  mun  i c i pa  I and  i nriu''  *ri  a I 
water  by  2020,  and  that  only  RO  million  gallons  per  day  will  be  ava  I ab I e 
from  ground  wa*er  sources.  The  insufficiency  (28  million  gallons  per  day) 
could  be  made  up  by  reservoir  storage. 

Development  of  the  Will  iamston  site  on  the  '^ed  Cedar  t-;  ver  as  a 
single-purpose  water  supply  reservoir  would  cost  aDproximatoly  SIC, 000,000. 

An  alternative  to  reservoir  construction  would  bo  construction  of 
a pipeline  from  one  of  the  Great  Lakes.  A connection  with  Lal-r.  “I  chi  pan 
would  recuire  the  construction  of  a 60-inch  diameter  pipeline  80  miles  lone 
with  9 pumping  stations.  Construction  cost  would  be  $30,000,000,  based  on 
estimated  costs  of  $60  per  lineal  foot  of  pipe  and  $52,000  per  pumci-c  station. 
The  cost  for  the  right-of-way  would  be  approximately  'r, 200,000. 

The  annual  costs  of  alternative  methods  of  meeting  the  water  supply 
needs  of  the  Lansing  area  are  presented  in  Table  I V- 1 . 

3.  LAND  RESOURCES 

a.  Agricultural  and  Upstream  Watershed  Structural  Developments,  "^he 
fourteen  watershed  projects  proposed  for  early  development  would  include  the 
following  works  of  improvement:  208  miles  of  multiple-purpose  (flood  control 

and  drainage)  channel  improvement;  two  multiple-purpose  flood  prevention 
and  recreational  structures;  and  one  single-purpose  reservoir  for  fish  and 
wildlife.  jti  .f  the  long  range  notice  of  the  nee  i , fhe  se  I ■ fi  ns  of 

an  alternative  e.jn  be  leferreJ. 
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The  5tructijr?il  Treasures  aOu  I d ■..'••fit  a t ‘‘at  area  Tl,. 
acres  throuqti  rr-,luced  ■floodim  and  imsr  .ved  aqr  i cu  I tura  I trainaae. 

T'^'tal  damanes  within  the  (■lurtee'’  Aa ter-.’ied'  Aoulci  t>e  reduced  !•'/  "T 
oercent.  iir'ely  re^n'^val  cf  exce:  ■ 'j‘er  c ‘ ■"‘t  i butes  to:  (I)  v.' •r 

cost  ot  production,  fi?)  improved  cr  ■ au'! ' i ♦ v , (T)  increased  : r : . - - 

duction,  and  (t)  encouraqes  a shi*""  of  crcp  producl  ion  frcr  ur!a'’d  ar^a". 
not  well  suited  to  cultivation. 

The  total  anr'ual  cost  of  ‘he  -ructural  measures  '3  1 . . 

Annual  benefits  would  be  17,723,700. 

b.  Land  Treatment.  The  land  1 ro.j t-.cnt  progrom  would  pr  oid-  ■ z.j'-- 

treatment  for  h64,000  acres  of  lane  in  rn-  r-usin.  current  pr..-  /•  .-.'ll 
provide  Treatrrient  for  lb.^,000  acres.  ' h-c  re  ^ i ti  i ng  48I..'  ;cr  .s  •.  i. , ; 
be  treated  through  accelerated  procramis  .vithin  the  proposed  up  r j‘‘er- 
sheds  and  behind  the  proposed  mul  ti  p |e-p  ;rpo«.c-  structures. 

Current  land  treatment  programs  woul..)  provide  adequa'- 
for  145,000  a^  res  of  cropland,  15,000  acres  of  pasture  land,  . .00  ’ t .,-s  ot 

forest  lci“d,  and  ',000  acres  of  mi  see  1 1 anoous  land.  The  tot  1 1 I . -JC 
acres  represents  12  percent  of  the  total  I needs. 

,vi‘*hin  the  upstream  watershed  areas,  the  accelerate'!  nr  im 
would  provide  adequate  treatment  tor  148,600  acres.  All  of  thi  : I c J 
needing  treatment  - 107,600  acres  - would  be  treated.  Tw^n tv- ' trcf 
thousand  acres  of  pasture  land  need  treatment,  of  which  87  peren*  aoJc 
be  treated,  fifty-three  thousand  four  hundrf'd  .acres  of  forest  I arid  ne-  ; 
treatment,  of  which  24  percent  would  be  treated.  Seventeen  thousand  acrc-r- 
of  miscellaneous  land  need  treatment,  of  which  50  percent  would  ;r.- 
This  program  would  accomplish  74  percent  of  the  total  IQ85  needs  wiftin  l‘o 
upstream  watersheds. 

within  the  drainage  area  of  the  multiple-purpose  structu'"cc,  fht 
accelerated  land  treatment  program  would  provide  adequate  treatment  ‘ ar 
332,600  acres.  All  of  the  cropland  neeiing  treatment  - 2‘‘5,:)00  d're-.  - 
would  be  treated,  fifty-one  thousand  acres  of  p.Tsture  land  needs  tre.-jtmer ' . 
of  which  54  percent  would  be  treated.  One  hundred  fifty-si  v ‘‘housand 
seven  hundred  acres  of  forest  land  need  trcalmenf , of  which  .'2  ptr  .enf 
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viould  he  treated,  fort,-  -Jinrc!  .ifr-s  of  r'iscellat^-  li  >,  .'-e, 

men-,  of  ^hirh  4I  nero.-  ‘ ■ ^■.ld  i-  ‘ro.,^od.  TM  5 nl  ‘ n ■ 

bo  percent  of  the  total  lOf'  -e- -1  v.ifhin  the  drnl  nr  'i  ‘ - 0 1 ‘ ’ 1 

purpose  structures. 


i , . .-  f»'^  I 

u I ‘ ' r I ■ 


Seme  of  the  pf' 


of  ’'h.:-  no-" -structure ' 


and  biolonical.  Surf  ir.-  rr  ff  e-d  erosion  rates  .v  .Ic  b-' 


reduced,  preventin-i  ••• 
.annual  Iv.  Reduced  sedir- 
damane  to  dOA-nstrecjr  to- 


ve-e-  - of  approx  imate  I ‘ 

I r 1 ds  .V  ' : I d ■ npr  -ve  :*  --t 
-....•  ant,  extend  tf.--  !I‘‘ 


r<-  -rv  I r- 


Fish  and  wildlife  hapif-t  Id  ol  <■  benefit  ttr-jof  -ei  ,■ 

encroachment  .v- d depo-  ‘i  - . 

ether  effect,  .-.•-uid  be  rrim;rll-,  aestheti  ■.  '-e 


f "rest  I and  and  the  ‘ ;!  I - ‘ 
suburban  are<as  w-au  I d r-r  vi  t ' a- 
beauty.  Such  areas  :ld  vl 

,n-^p  _rt-  -»rjp  structures.  n-.  1. 

ind  purify  tpr-  air  ‘ n-.*;-' 


‘ • ree  an  i r I r - 

. ■ p ■■m.'-nt  .s'i  ’■t  . r-'n  -.r 

,-.o  I ccm.;  V i SU.a  I r 'in  ‘ r </ 
I Ip  to  danT-  ■ • u 

,p  ■ I , , pop  I en  i ch  ' r n ‘ 


a ■*  u r 1 1 


axynen . 


■.  mplete  S' d I S'.r-. 


' .v  ul.l  encour.ace  the  n-  n of  nira*e  u;'-' 
-.erf  ion  -vifh  l.iud  use  decislm-n.  :'u;  I r 


date  soils  information  in  . --.erfion  -vifh  l.uid  use  decisim-n.  . .j , 1 . . 

use  and  development  coul-i  b--  planned  to  take  advantme  -■<  -,at.,iril  'il 
characteristics  with  full  -nowl-ine  -f  the  limitations  f-n  vari  1,  . pur:-.'-  . 

c.  Reduction  in  nami-:  . th-  uah  *he  flood  pl.-ain-,  the  .r.rd  Fiver 
basin  are  generallv  narrow  a-id  noi  -actively  farmo'd,  H'cd  dim.aa-  fre-.u-  n I. 
does  occur  to  +he  anr  i cu  I tur  - 1 'sector.  ■'  -,f  of  the  t amar.e  i-  1 - 

nature  emanatinq  from  in.uk-qiiafe  existinq  channel  depth  or  rap.ar  i ‘ -- 1 

very  flat  topoqraohic  fe.i+ure-- . 

D.imaqe  due  to  floodinq  and  impaired  drainaqe  occur,  ptim-inly 
during  the  spring  through  InundaMon  •- f cr^ps  and  planfina  Jelays.  i voes- 


5 i ve  soi I moisture  due 


fl'/uiinq  an.,  kick  of  adequate  dr;inaT-  -i*!'  * 


also  occurs  durinq  sumr-.-r  a-  I i*  harv-’sf  time.  This  condition  inci-  i-'-' 
culfiv.ation  and  harvesfinq  c-os  1 - , tdversel.  .ifferf^  the  qual.  - f m 
crops,  ami  depresses  crop  yields. 
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T'^(.  ‘.Lirtctn  n iter 


r..j‘  . • . r, 


' . '■ :.  I • 
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aniJ  jn  accc'-r  c , ir  i.ru<-r.ir  -.t  I ■ i,  ■ | 

erosion  jrcJ  jccln-ort  Drotilor-s  nil  I '■  it-,  i or  I • i cant  rc3uc*ior.j  ir  • .■"■■"(•s 
fro»r  excess  «erer  on  agricultural  ar  • ‘.;ros»  larc, 

^ver>ne  annual  daraqes  ir  :.;jin  ♦nr  excos.  niter  cluf  7’. 
tiooding  or  I ■ . ' • . f-'  drainage  arcu-*  ‘ ',''5C,0r0.  Tre  •-roDO'r; 

of  develccrr'^'*  to  be  irpl  oren  fed  in  fOn  .r  ID-K-  veari  is  pstir^t'c  * 
reduce  daraoes  fcy  S956,3C0  or  2t  corcerr. 

The  2T  watershed  prcjects  ?hor.  c for  corpiet'on  follow  in.  I *; /■ 
are  intended  '♦o  crevide  protection  ♦r>>-  ‘looding  and  iradoousfe  dr*ina:*- 
on  an  additional  £2,000  acres,  f-owevo',  at  mis  tire  rost  of  the  I .rp 
within  these  nrojects  is  corri'*'*ed  t ■,  e Other  than  cror  produc*  • n. 

d.  Irprovort-rts  in  C f f i c i ere  i *r  . In.reased  efficiency  in  the  produc- 
tion of  agricultural  corrnod  i ti  e-  is  ccsriflf;  throuch  tne  conhinod  (‘‘('Cts 
of  land  treatrent,  flood  prevention,  a ■ c u I tura I drainaoe  and  irriiaticr. 

While  additional  water  resource  develcpr< is  not  required  to  r oet  future 
production  objectives  in  the  Bas  ■ n i*  can  tintribute  to  efficiency  :-'f 
production,  by  reducing  (I)  crop  los.es,  (2)  tne  total  on-farr  cost  }* 
production,  and  (3)  the  acreage  required  to  neet  production  objectives. 

It  should  be  noted  tha*  the  process  of  watrr  resource  and  relattd 
land  developrent  tends  to  enhanc*  '*'hc  productive  capabilities  of  the  resources 
that  are  developed.  In  the  developfnent  c rocess  certain  o'  these  resources 
beoooe  more  efficient  in  producin':  the  fiasin's  output  and  in  turn  cause  rnr- 
ginal  land  resources  to  shift  Out  o*  production  if  additional  output  is  not 
r€!Cuired.  A portion  of  the  Ovenall  cost  savinqs  due  to  development  ray  be 
passed  on  to  the  consumer  in  lower  food  prices  but  a substantial  share  may  be 
retained  in  the  agricultural  sector  as  improved  incomes  to  those  whr  can  fake 
advantage  of  the  development  opportunities.  The  total  annual  on-farm  costs 
of  meeting  projected  major  croc  production  rcduirements  without  further  re- 
sources developments  are:  198b  - S56.3  million;  2000  - S50  million;  and  2020  - 
$68.3  million  ('able  IV-2).  With  resource  development  investment  applied  up 
to  the  level  of  full  economic  potential,  these  on-farm  production  costs 


tv-' 


r 


TABLt  IV-2  Projcctea  anrual  on-farm  cost  of  producing  major  crops 


Viithout  additional  resource  development  and  comparisons 
between  full  economic  potential  and  I <1  proposed  projects, 
(Irand  River  Basin  1985,  2000,  and  2020 


Peve lopmcnt 
Leve  1 

1985 

2000 

2020 

( 1000 

Do  1 1 a rs  ) 1 / 

without  additional  resource 
deve 1 opner + 

56,318 

50,047 

68,2Rf 

with  full  economic  devolivr:- 
ment  potential 

33,655 

48,010 

66,588 

With  14  proposed  projects 
for  Early  Action 

35,506 

48,708 

66,dl4 

Savings  in  production  cost' 
with  full  economic  develop- 
ment potential 

2,665 

2,028 

1,708 

Savings  in  production  costs 
with  14  proposed  projects 

812 

1 ,33R 

1 ,38? 

Source;  Economic  Research  service  study  of  economic  impacts  associated 
with  llSDA  proposed  clan. 


1/  1964  constant  dollars 
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c.on  be  rodi.'od  ‘ 

. ; iqph  - 15M7  ml  I M 
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'.is  represo’  *s  i rodu. 
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in  tho  respective  ti"-..  ■ 

post  etfi  ienri' 

t pom  water  rosour.  ■■ 

rol  exit  i(  ■'  *■ 

rM  i n prOiJucf  i on  co'"  t 

the  more  distir' 

1 no  peri cds  . Ttie:  o 

imposed  in  th 

I'-lier  time  poriocis  ti 
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' ill  *he  l.ino  tii.r  f'ou  I rl  t-  " ‘ efficion'lv  clovol  pii  ’■ 

f-',T?in  Mo.  A ‘-i'-  *hp  fposiM  ' inior'  : f ■;  proDOsed  for  !•  ' iM  M 

hv  1‘^Sh.  f.t  ■ 1 > t t-pfiurflons  “■  ' , ir  nssihle  on  ri.'V'l  :■  ' ' t-  rv 

A i thin  tho  1 -Iv  o.rtion  pr'inriT  iro  i,  .-i  i;  t $81 7,000  ti , M-h',  i'. 
mi  I I i iri  h\  .'O  'M  . I'M  ! I . n.i  I I ■ on  hv  '•'*.'1.  . tt'o  "V.)  I u.  1 1 i ■ 'i  ; ■ i ' ■ ■ ' ■ : 

into  the  fuiupp,  devo  I or''"on ) uithin  tho  f.-urtopn  nropcsed  rroi"  ' ' ' ' 

the  tot.i  I fi  rio'nir  .no  tor  Mnl  f n dove  1 ■ I’f'i  ■'  *. 

Ho',  >nd  I9.°h  th.  .iddMionnI  .d  nro''octs  would  triun  i u ■ '•* 

nroductii'n  -t’irh  would  compet"  with  nvii  l.ihio  cropl.ind  tti.i* 

nent  potenti.il.  fht  im.il  inq  th.,.  p.-itonl'  il  .-i , . I relucti.'-T.  f ron  I'.e  ■ ;i  ■'•■i  * 
i s ti  i.-,  I rd  'll  . . If  tho.innu.il  . o ■ : of  p r<  'dui  t I ■ , I r d I ■ i'"  i ■ i . r’  • v.  • I . - 

mi^nt  .ire  1 > . 'n'-'  rti.mro  Ion  Hi  in  nrodiirt  rontn  on  mirr,!'  il  1 .t  d , ''i- 

1 h-’pe  new  .IT'"  will  ropl.icp  ttiom  In  pro.lu;  Mon  .in.1  . '.’n*r' I u'"  ' 


iHit  ttip  d i 1.n  I .)■  omenf  ot  d'-Vi'lonod  .U'ro.no  In  ‘tie  1 1 proh-rt  ''  il 
At  this  point  ttio  potonti.il  for  idditioml  dev(' I opmt'nt  hoy  'id  I ; 

i isod  for  I '-'h  npnoirs  to  lo  Mmilod. 

Th  I milvsl  , howpvof,  w.in  h.T.t  I ■ loly  upon  fhp.  pr  r ■■■•I  - 

uMur.il  ; r ..ir.im  ind  doos  not  rorisidor  the  effect'  'f  t*-"-  ,i  ' ‘ '* 

oven  I I pl.T'  f developnent.  To  tho  ovhoft  th.it  Ihpno  .p.po.  ‘ . w uid  r.  :i, 

*^ho  .nrirultur.il  ros<  iirco  Imuo  t>“\  " th.it  consi  lered  in  tto  nri  uM  ,r  ■' 
'tudio-,  ‘ho  or.ononlc  oppor ' uri  I t I > f 'r  fur‘!ior  rosourio  .lovol  ; m.  ■■  ‘ i I i 

hf*  onhinrotl  m ! would  iuoM  ‘y  o'".’'  ■ 'o''  ^ '’'o  pr-'ir  im  '’•■r-'  p*  U' 
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-X.jr  i ultg(\il  ,3iul  rVoduction  .jr.d  .-i.!:  i I i 1 1 i ^n.  tY.ijt-.  t-t>o 

h'f^rir.Jg  tor  j>ir  i cu  I turd  I pr.'du  tion  in  I'H'  fror  fn,,  •■r.in  .dll  for  -ill 

tons  of  feed  crops,  0.4  million  tons  of  food  crops,  and  0.3  million  tons 
of  specialty  crops.  Teed  crops  consist  of  feed  crdins  and  rouqhaqes  (corn, 
oats,  barley,  corn  silane,  pasture,  and  hay),  food  crons  Include  wheat, 
soybeans,  dry  field  beans,  and  potatoes  while  specialty  crops  are  composed 
of  a lame  variety  of  vec;etab  I o crops,  tree  fruits,  and  berries,  with 
no  additional  flood  protection,  Irrination,  or  drainane  development,  the 
l‘.>Rb  production  requirements  can  be  met  on  1,095,700  acres  of  crop  land 
and  pasture  (Table  IV-3).  'or  the  year  2000,  demands  for  feed  crops 
increase  to  3.3  million  tons,  food  crops  to  0.8  million  -^ons,  and  specialty 
crops  to  0.4  million  tons,  all  of  which  can  be  produced  or  1,3'^r,500  acres 
ot  crop  land  and  pasture  without  further  resource  deviMopmrnt.  '^Vojected 
recui remcnts  for  the  year  2020  amount  to  5.3  million  tens  of  specialty 
crocs.  This  production  objective  requires  l,5RO,noO  acres  of  cropland 
and  pasture  in  the  absence  of  further  resource  dove  I opnn'nt . 

FVojected  demands  tor  rorest  products  in  |O30  call  for  ♦■ho  cutti’^'o 
o*  7.0  million  cubic  feet  of  timber  from  nearly  (".44,0^9  acres  o‘  forest 
l.ind.  Timber  products  qenerally  include  saw  loos,  veneer  logs,  minor 
industrial  products  Such  as  pi  I inn  and  posts,  and  pilpwood.  ^or  the  yean 
2009,  forest  product  demand  reaches  d.8  million  cubic  feet,  and  by  2029, 
the  volume  is  projected  to  be  12.3  million  cubic  f(?et.  forest  land  require- 
ments to  produce  these  products  reach  a high  of  73'^, 000  acres  in 
2000  and  decline  to  about  009,000  acres  by  2020  due  to  rising  trends  in 
qrowth  rates. 

Under  the  same  production  requ i rements , but  considering  the  I ten- 
native  of  water  resource  development,  the  projected  dem.inds  could  be  n* 
on  fewer  more  intensively  managed  acres.  This  analysis  !■  ;i  if.-'  *■  ' 

under  full  economic  development  the  projected  production  requirements 
could  be  met  on  the  following  acreages  of  crop  and  pasture  lard:  lofis  _ 

90  3,100  acres;  2000  - 1,326,600  acres;  and  2020  - l,4u  3,300  acres,  /'ssoci- 
ated  with  this  irrigation  and  drainage  development  efficiency  is  the  idlinq 
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TABLE  IV-3  Projected  acreaae  required  for  product  no  ma  ior  r,r~p<; 

without  additiopal  resource  developmept  and  compar  i --,cns 
between  full  economic  potential  and  14  proposed  prnierts, 
Hrand  River  Basin,  IP85,  2000,  and  2020 

Oeve 1 opment 
leve  1 

l9Sb 

2000 

20.  0 

Acreaqe  required  without 
additional  development 

( no^  , - ,) 
1 ,0'5h.7 

1,592.5 

1 ,580.2 

Acreaqe  required  with  full 
economic  development 
potent! a 1 

Q9  5.  1 

1 ,326.6 

1 .463.3 

Excess  arreaqe  with  full 
economic  development 
potent i a 1 

102.6 

65.9 

125.0 

Acreaqe  required  with  develop 
ment  nn 1 v in  14  proposed 
pro  iects 

1 ,06  5.4 

1 ,365.7 

1 ,536. 1 

Excess  acreaqe  with  develop- 
ment on  1 V in  14  proposed 
pro iects 

52.5 

28.8 
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Sourcp ; 


Fconomic  Research  Service  studv 
associated  with  USDA  pronosed  p 


of  ecopomic 
I ap . 


i mpacts 


rv-o 


ot  marginal  acres  that  fire  no  lon;rr  reijuired  to  roet  anticioated  food 
and  fiber  needs.  These  i d I nc  m<irc;inal  acres  could  !■(■  converted  to  nulti- 


dIc  forest  and  recreational  use  through  revocetat ion . Irtensified 
land  management  and  treatment  of  forest  land  will  remit  exr-anded 
recreational  opportunities  and  improved  onvi  ronmen'*'.il  duality  while  still 
meet  inn  forest  prortuc*  recu' r,-ments  on  available  lorect  land  acreage. 

If  only  the  rii' \ 1 I . . ' n potential  of  th<  ;r  posed  fourteen 
projects  is  considered,  less  ' md  would  b(r''ro  idle  vslii  rc'ot  i ng  identical 
production  objectives.  In  108“^  ccroane  reau  ^’ore-- f i w uid  be  reduced 
tv  3r,3CO  acres,  in  2C'T(''  p,  .’C,hO"  acres,  trs;  ip  .t.  ' py  acres, 

t'elativf'lv  more  lane  is  re  ;uirou  p/  22^0  irper  to*'*,  • .11  development 

potential  arc  the  propo.np  jnv  I c:  "'nri  t proT  '"'wtr  acres  are  iciec 

than  in  lOSb  and  202^'^.  ihi  . is  I irn(lv  due  t.  rcl  Iv  nreaten 

r.Puqha.'K'  requirements  .;t  : ~ 'l*n  ♦,f>i  p.iir  t ■ p.i '■■■•,  r.ec,  than  in  e 

■ . e.  r ' T.  " * 1 I u , I . in  t'.o  ,,  S' 

• ■ • ;u  I ' . ; nd  ror  i;  ' ■ ■.  b V e ‘ ‘ ' ' " ■ i I , is 

I ■ '.j  i n . 

■ ,:it!or.'!l  ■I’wf  I .issocio'^rd  wifh  te,  , proposed  prejtrc-s 

..••tor  1‘18‘,  would  cont'-ipb*(  ‘c  tPe  stock  o‘  idle  r<  > as  well.  While 
fne  contribution  right  bt)  significant  it  is  Icu'  t'ul  whet‘'cr  it  would 
e'xcecd  one  quarter  ot  the  remaining  pofenti.il.  It  is  also  conceivable 
that  brinninq  new  I ind  Into  production  might  rlimin.ite  some  existinq  po- 
tential on  the  current  crcpland  base'. 

While  it  is  true  that  idle  acres  for  acriculfural  purposes  vir'e- 
associated  with  resource  devr’lopment  under  a qiven  level  of  agricultural 
production,  it  is  also  true  that  more  acre?  .ire  .ivailarle  for  other  uses. 
Those  same  acres  could  be  used  to  produce  additional  aqri cultural  commodi- 
tif'S  if  other  areas  of  the  region  or  nation  have  higher  production  costs 
or  are  unable  to  meet  their  production  tarqets.  They  may  also  he  needed 
to  replace  acres  withdrawn  for  nonaqr i cu I tura I uses  at  a rate  faster  than 
was  oriqinallv  assumed  In  this  analysis. 
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Wcitt^r  ri'Sotjrco  devolopmont,  in  to  rr;.vidi''o  t.  r • * r 

officioncv  f ;t  iii-tion,  hos  the  idded  ■ iv  ‘ iO'’  t r-.'i'Iio  r\  i < • 

cor  ^ t i n + v in  ! . ‘ id  i I i J i nq  product  ion.  I \ u I • ■ r it  1 I i ' . ■ f I 

production  n.  cli-itic  hazards  is  well  n ,-■■].  i t . "ii  far"  a-  < 
problem  of  f ! U' ua  t i ons  in  yields  and  produ  tior  rosui;'-  i fr  - v i''  ' > 

in  riirf.ill  .(■  rt-'ll  as  tfir>  other  uncerta  i • ^ ; f >ve,>‘'''r.  ■'  ■ uf  o 

ov.- or  .vit*  M jrainaat',  or  droua^'*  ord  I-'"-  a- ■ . ■ • ■ r 

riak  ■rni  u’v.'T'al’  •.  fn  in  the  averan''  pt:M;;:er.  i‘ • ‘ • 

pro  'e»  ts  i I I n .V'’  1 m ir " ed  ef  f ec  t on  redij,  ■ ' ■ . • ‘ . p • ..... 

.in  .n’ri,a*'ot  wi  ■'  : f t : -fiar'  on  ■f'tio  i-O.OOO  i.  r . ■'  't,-.  ' ! 1 i . 

unaertairt'.  ' t-  tn,-.  i.  f.irm.'pn  can  r-  in"  >■  ■>  ’ r r ir  • ‘ly 

md  pr  -vid('  I m.  C"  n\it'ie  aqricul'ur  I no""v  . V,'''  r",iin  ^ o . pj  a. 

in  f uncer  * 1 ■ ' i .msociited  ^^if(l  f|a,ii;in;.  .‘ranai-,  i'  1 ^ ' I • - , 

rrohiction  .■  i"  ti  pi  tr'ned  .i‘  "^he  ap*!”-um  l>>vol  .\i*"'  “*■  a";>.Ci  ' ""I' 

purahaS''  : ir:  losnes  will  t'o  cut  :o  i mirir'an  ;■  ■ rr'i;  •’  ' .i 

r"  ->re  p r ■ f i i ■ .-> t ' . 'n  of  cr.^:'  w i ‘ I I • ■ ■ i " I 0 M j ' ‘ I • 1 1 

f r >m  ;a‘*er  ‘■ir'’',  i ,,f  'per.  i ’ i ons  . All  't  th  i ' I 1 I add  iro.>f,->r  ‘ i I' * * 

prriduct  ion  I "V  I wi*tiiri  the  Rasin. 

f.  I naoma  ;r  .1  [ r"p  I oymen  t . a t ah  i I i ..’a  ! 1 o'  of  an  r " ' i 1 1 ur.  1 1 :r  iucfi  ' 

or  cr  pi  a I pr.^poaf'd  proiect  aroi-  iv  ■ virloif  . 

i ncom"  and  empl  'ymart  in  the  ftas  i n . Wi  th  n*  i‘- j | , >y  r pr 'dl.a'  >n  ii". 

..t.ipjlit.  f in.  >me , frequently  .it  a hi  iher  ■•veraq..'  I’-.i.iI  ‘ - 

t.ill.-(‘d  i n,  ame  tviM  "ncour.Hie  St.ihili.’ed  .'v;'.  ' |i  ‘nra  • a-  f i • ‘ 

pr-'diia'i-ar  I'ld  l.irqe  m.ichinery  item..  r,i‘'her  e-  - ;ta;ina  i *r-"- 

cer^  t f h i ,iti  ■ noomi'  to  cover  an'ioip.ifed  fori.-d'  . f I w '•■■■.  ■ '.'t' 

normal  nditi.'P-  -f  rrw'isture  uncer  ‘ a I n t . miior  r"iat'-"'',  pur 
he  made  onl.  after  a qood  year  due  to  problems  of  incom-  .and  cr  'it 
IV  1 1 I ih  i I i fv  . I he  rred  i ' p.os  i t i on  ' ‘ i f . ii  "•  'pera  • r ,vl  ‘ " 

is  c.-'n  ‘ i rije-u  , and  fairly  '■-■'.ihle  is  f.ir  superior  to  ‘h.it  of  a fep"-  operator 
whose  income  stream  reflect-  wide  swinqs  and  In  some  v-ars  mav  ■ v-'n  te  n"- v 


Hi in.'!  ir-n^ov^^rt  .re;!it  pnsltin'  will  ‘end  to  'dijs^ 


“one  ‘ iT’n  per  i+ors  ‘ ' 'ler'ind  more  sorvire,  p'-f"  ‘ ■ "'  re  r>rrd'JC‘ive  Inpn' 


f 'P  f in'"  tn;  .iness  n>'.  i 'jept  to  exp  p'd  thei^  frirrnlro  ''perotions,  ill  of 


.vhivi  A ■ I I ive  Jit’i'ct  ■‘■'V  r.itile  ■ ucc^e  effeni 


‘no  loc  il  tiusinesn 


St’r'r-r.  I •’  fnp  prone''  ‘ exp.^rdino  thoi  r fire  - op  le  i ■ n^ 


ren'ijpcc! 


'Ai^r  ...Ml  ,>rn,;pp  id  ! ■ + i on  1 1 I I'.r!  redcnrcpp,  ‘■hr-p.ibv  dl',:'  . inn  'noffi  ;.■• 
r '".riinnl  opor.i'ors.  Tt.?  i r!  | i ng  ‘ '■  ininil  a''rei  ' ■innner‘’'n  ai“ 
pr'"'Pnoo'1  rosoiirnp  devel  ■.Dr'‘"“nt  pp.'opie  h is  rilreodv  beer  rii'^nussed.  '*  '■ 


i ep  'p ‘••int  fact 


‘h._  "lipgi^  ,1  aoron  ar'f  no-^  loratpd  ■■ 


ire  interspersed  *'t.  rnuol*  nu  ‘ ■“  e pfas  I n and  ~'-r’ir  *"■  -oo  do'-.reo  n- 


‘ m : /.ill  oont  I r ue 


ir'd'.j~'‘  i 


rrir  i cu  I * ura  I outpu'  placed  fr-e  “ 


icres  by  the  proposed  proorv''  .\  i I I ‘e  produced  on  fe.vep  or  re  i ^ ♦ ers  M'e  I .' 

o.in  lO'-'d  acres  'wi+h  adciMional  deve  I op'nor'*  . These  operators  will  expan'1  their 


D!irc‘^.3sed  inpu+r. 


"ver  ‘ire  “>e..  .v  i | | invest  more  heavil,  in  new  labrr  sa'.'- 


i ''0  tflchnolodv  in  the  for""  of  I irger  mere  special  i.’od  machinery^  pre-riye(j 
f-''t'ds,  and  bulk  handling.  This  along  with  the  idled  acreage  '.v  i I I reduce  the 
•arm  I ibor  requ i reme-,  h ; more  rapidly  than  would  occur  under  a proaram  of  no 


fur  ‘‘'er  resource  dove  I ormen-‘ . 


f is  rather  lifficul!  to  e-yaluate  the  ' ■ 'feet  of  hhe  proposed 


development  program  upon  rural  service  communities  wi'*hin  the  Basin.  On  the 


one  hand  farmers  on  marginal  uni'-s  and  unable  to  compete  ef  ^pc  t i ve  I .'  have 


good  opportunities  in  the  Basin  to  enter  pir‘-tin’o  farmino,  at  leas'  in 


fhe  short  run.  This  allows  then,  to  take  the  firM  top  in  c.ppuD.at  I ona  I 


migration  and  effectively  rem<-^ves  their  land  fr'"  pgr  o-u  I ■‘ur  1 1 production 
in  whole  nr  in  part  since  it  cor+ributes  to  ‘ntal  output  it  ,i  I 'w  level, 
’•larginal  operators  and  part-time  f irmers  do  not  apply  ariv.mced  ‘ert.nol  ogy 
as  rapidly  as  others  in  a "mre  fav-ratle  competI‘‘''e  pr:  prefernini 

to  substitute  lat'  r for  capitil,  r d flue  purr‘,.iv-  f-.-wep  production  inputs. 


To  the  extent  tha'‘  they  remain  In  the  n-riinity,  usino  ‘h-Mo  f.irn-n  .r,  riiril 
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larger  forec.f  j-  i * • .%  i I I doveljp  Tiarker-r,  tor  t imber  pri  du.  fn  that  not 

have  otherwise  exisfeo  due  to  the  inef f icien Mos  of  harven ting  low  Oiaiifv  - 
low  violdini  starln.  : irjer  vi.l  .mo  of  hi  ;:■>!■  quiMtv  ti-itwai-  will  alj  ' 
command  imprcvl  i ri  o--  whi.h  wi  II  further  add  ‘‘O  th-'  .■■a'.in  tjoononiv . 


;.  Viater 

Supp  1 s berv ' . 

> Ftas  I n has  . xp>-r  i e-  .• 

• St  * 1 

lustria!  and 

popu  ill'  a row  r* 

! 1-'-  project.  ‘ • ’ * 

!•  ..  " : 

^ * r 

.lue  to  its  tovoroble  in  -uthron  tr  1 1 -t  i -j  i- . " * f ■".is 

qrovith  hiis  take^n  rfaro  in  . r ".a.ir  t*v'  ttirao  i i >r  ronul  ili  n ■■*'  ‘er-  . f 
'•rtn.l  Rapids,  Lansini,  n 1 Jacl-S’!  . farn  cer-'or  ’ i dt'-V'  I d alop.  •*• 

A '^or  sapply  services  ant,  • xpertra  to  r'li"'*  )'  1 ■ ■■r.T  I tner  * • 

future  demands.  Larae  .%  iter  is'nq  irdus'ries  have  il  .'  developed  their 
c.vn  around  'A.a-*-er  our'-  ‘ ucrl'.  . 

Of  +t.-  nei'.  T’  ; l i-  du  'r'.il  lev>- 1 :’"•■■  • > ’■!  hiri;"  durina  ■ 

decade  I'dh''  to  I i a'TP  I sra  I exp  1'  ' . ■•e-  --I'^*h  were  ,v 

.-■‘.irts,  lO  perdOn;  fr  ^ -f^e'.vh-  re  else  'r  . and  r rerrer' 

Aer-'  from  nit*^  i de  ■ i i ■ . ' ‘u'ure  ind'js*ri,;|  .•,  ■ • .-.ill  v'd;  ui  ‘ e • I . 
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Mo  provi-i  ' f - !•.  larM--  ‘ mijn ' r i ,■.!  ! and  i ndu-  - 
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It  is  mti-ipa*!  : " it  f'^ur-'  rnril  far"'  v I nonf  u'r'  w.i'.ar  -'uppd 
requirements  will  b"  m.'-i  priraril.  ' r around  w d.r  rouroe-:  w‘Moh  are 
believed  to  be  ade  aiiti  f ^r  "is  purpo  e.  M-'w;".-  ’n  tho-nr  lecatinp- 
•vhere  I OC.1 1 wi*'or  -'.y-  s-’^-  .-xi  .*  ’ are  develop,  d,  ".'s  s..rvd.''  will  pr.-- 
b-it  Iv  bt'  extended  wh-'re  fe  ) i:  I--  * ■ Ihe  rur  d pepul  ic-'n. 
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The  qravel  copir.H' les  oper.i  f'ltiq  ir  ' ittjw a ■ atj'  tv'  have  requesTel 
widef.inn  and  deepenina  of  The  '.'nnd  River  over  th-"*  ev  i ■:  t i nq  pr^  •■c+  iK  * 
the  mouth  ot  the  Boss  h;vv-^.  T‘i*'v  . t ite  thit  these  >'rrovements  would 
permit  u'  increase  in  t ^ i- -,;n -ri  i n.-;  cnpaci+y  w i +h  ,i  correspond  i nc  econoni-- 

■ ivi'.'is  i r,  hhe  movemer  t - r'd  pn  ! ni — ivel  by  hi  roc  Pv  per'^  i no  I "inoer 

L'  1 rnes  and  ^n  I ncreasei-j  m.-'-n;  er  of  barqes  per  t , V.'  i *'q  the  chnnne' 

^l.^c  i-'crense  safe*.  , ••see  ialK  a+  bends  cf  the  eWer,  in  view  f 
•■-.I  i nc  reps  i '^q  comm-'C  I .•  ' t'-  reational  boat  tr.i'“'''  ^tperted  in 
fu-*ure.  Tt  e --.and  r ^ ■■  ivei  'crpp'-les  ;-^pted  tha‘  *■•  e-?  n-  nee  i f r 

• .•■•rqinq  the  irpreved  up  'ream  of  the  i'.v  r in-jofar  ar 

"""•'I.  iai  app  I i cat  i ■ r-^  loncerned. 

(.')  -1  m *•  i O'  ■ I . The  Wv‘erways  Piv!  I'm  ‘ -hr  "ii'-inar  p.  - 

■ r'-'-'-t  'f  Narur!l  ■'••.=.•“•'. r '<^5  reri'PS  ted  that  the  fell 'wine;  i "-provemer 
!io  i'lves * i : . ‘ed  as  tc  ^‘■•••■  •-  •'‘cor.')mic  feasi  t'i  I i : 

(a)  Ce- “ 1 .harmel  100  feet  wide  and  five  fetPt  deer 

r "•  "le  upstream  liri'  of  ‘he  precently  au'*ho:'iped  r’d  mpi''tained  river 
:'-innel  tn  Prand  Rap  i d"-"  . 

(b)  Cor.-*i  . ' a ( n-l-  a'^  Brn'-.d  ^•ar'd;-  ■>  ' pip'^e  t.'’  'a"dP 
t ’ reatioral  craft  up  • '<  'ee*  in  len^ath. 

(c)  h'nc;trurt  a c'har'nel  30  feet  widi  five  feet  deep 

from  the  '.'t^>  of  th.--  pr-:  - •'  ‘ lack  at  Brand  Rapids  ‘c  • point  approx irta te I \ 
70  rile-  'rem  +he  mou'-h  ' "rand  River,  at  Lowell,  and  cons  + ruct  a 

channel  '‘■0  f>'e‘  wide  a- c ‘our  ‘e-^*  deep  from  Lowell,  i point  approx'- 
matelv  NO  mlle-^.  from  th'>  mouth  -pf  the  Grand  River,  a'  '■'artlmd.  W*'er-.^ 
active  dam'  are  encountereil  alone  this  route,  provi'-Ion  should  ho  ride  for 
portaqes , except  at  Grand  Rabid-  . where  .a  I is  deemed  to  be  'Ps-’-ent  al. 

(dt  Provide  aidi'ional  wat-cr  areas  by  imboundino  the  wa+or--. 
'f  the  Grand  Rivor  and  its  '■ributaries  in  at  least  two  aroa-- . ore  between 
hansinq  and  Ror'‘land  and  tht’  ot'-er  between  Lansinq  an<i  'ackson.  Th--  t- 
impourdments  would  be  intended  to  provide  reoreatioral  water  areas  * t‘-. 
resid‘''vts  of  the  Lansi'io  area  and  should  be  desi-aned  tvn  oermi  t ri.;-r‘''a  f ' o'm 
boatina.  lOh  i mrouP'lmon f rdtould  pr'vi'io  a minim.ur'  wi*or  surfaoe  aoreaue 
•f  t TO  ares.  It  Is  considered  desirable  '■o  him  suoh  impoundm.'n  ts  so  '‘h.a 
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the  rrininurr  of  ti'e  lakf'  ..T'-otet;  "er- 

2,000  feet  and  ‘h.>  '"inlnu"’  >~f  "f  I 

acres  were  rr'vHed,  a '^inir^cr'  r‘  fo'ir  -"’i. 
able  per  lake  for  recreaf  iona i I'urposr'. 
b.  Benefit?  and  A I terr  a'^j  \i_e' 

ra'-  ; 'tiv  : 


, A Id  r • ap:  r 
■ on<~-  ' e . I ' 

r f >r  nr'’  I i ne  a 


- hO 
■a:  I - 


rc  i a I 


;■  t pre  I i i ' it  . 

^ • ,.p'  “i—  ' PT^ 

; I ^ ‘-.f  a i -e'  ' ' 


' I 


I ■ 


( I ) 

local  i" teres ^ 
just i f i cat i 
pend i no  thi 
Fxistinq  hnr. 
tricted  ti.T'’- 
Dortation  ' 
described  uad--  'mpr'  ven'” 

"^ort  of  ^-ra'd  -t  v :a  '■■.ild  I na  ' T-  ,-arac' 
t'  faS‘‘Srr  I ■ i - ' ^ and  , ‘ - 

I real  con"'^-r  'll  I'-or-  . a' d d-’t-i'-, 
the  econari,  advanraC'.' - ^ '■'r-'aji'd 


I n ■ ' 1 I '• 
b.  Corr: 

r"  ;y  ; 

f'  : : ■ : i I I -* 

■ r ' ^^■c '■  der*‘ 
-f  a , i' 


.■  f d by 
1--'  ■ that 
a • r- a , 


• v- 


If  '• 

' t 


T-- 


- i nsti tutad . a . 

, “ ve'sels  call'ra  v tpe 
r<  ; ;;  I ■*  I r 1 i • i iv'  ■ ■;  . tup 


' r'"  a 


up' 


- ‘-ipt. 

t der'’- 


■ rl  I 


■ hv 

■ .v.  s 


ab  !• 


: r*  ierts 


the  econon',  ‘ -cas'er  loadiid  ;■  I , 
tneeT’es.  In  addi'i'M  +r  a savinaa  per  •/• 


I ■,  ;o  1.  , 


■'  I , har'' 


r"? 


'a  I 


r es 


would  be  able  to  ban  Me  n.or  v '-.els  D‘'T  ;'-ascn.  •'•dvantaaes  of  deoner 
harbor  and  cha'^nel  fa"i  II  ti'i  ''  Irwinn  depfior  draft  vesuris  i"''!  i'  i'reased 
loading  cacao  it'/  are  shown  In  table  I'.'-i.  ''teamshiD  coripan  i aueried  bv 
local  interests  /a]aq..s-'  ; ' ,M  in  av-rade  freian*  :,avlna.~  of  b perrer't  on 
sand  and  cravel  caraa  r<_’V''n  !•'  f f eoc't  '■•‘ra  foot  of  drraf'  b'^lev,  . I fee"^ 
to  which  the  vessel  rar=  ! ~,-;d  a i I I accrue  wit'’  the  deeconine  the  ? i-hor. 

Prelininarv  ! nv- ' ‘ I aa  f ’cn;.  uan'-.l'  that  the  rror'"ed  harbor  iw- 
provenents  apocar  ■u*'ifiei).  T' e-  will  b--  ‘urfher  invesiiaated  under  thr- 
existinq  authorired  ‘ud.  idno+ed  | March  lObO  bv  the  Mouse  Public  Workn 
Corm  i + tee . 

(2)  Corrrarc’al  - J-rr  d Plver.  Based  on  the  liri’-ei  infrrma'‘ion 


available,  widenina  +he  exisfina  thanrcl,  especial  Iv  a**  ‘he  bends,  and 
increasina  fhe  pr  ji->  ' iep‘h  to  |0  feet,  fr/m  hrand  Haven  to  the  ijps'revn 
proj'ect  I ini'*  at  t‘ie  Pa'-s  Piv'r,  appears  to  be  w.’-M’v  ef  further  detailed 
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•:r 


I -n  . 5 

i.:  r.' . 


(I)  Deeper  w=+or  will  'I  ,.n  in  t i rr«  savinqs 

durinq  loadin''  fo"  .iM 

Vessels  loaded  n 


Deep 

-Oraf^  bars'  - 

Total  deep-d---'* 
Total  tri;r-  *'a^ 

1 b 

Econor-ic  savinT  - r 

* ' .1  or-  T enaqe 

. 535,000 

Econorr.  i r V i n ; 

and  n , '1'  t ans  • < 

and  l‘'.r"!  t 

,r  or ‘■pd  tonnane 

• 1 .-A 

1 . 

. . 157,000 
. 534,800 

. 556*900 

k'^)  An  i nr.-''-v  e i n ■ 

■ ne  r-.iir  w . 1 1 resu  1 1 i 

n 

a def  i n i tr>  ec  ■ ' ' ‘ ' 

r.  . . , 1 . ' _ 

(a) 

r.,..  : 

■ 1 , .idi'.  net  tons 

Tota . 1 ^ad ■ 

no  1 's 

Averan  • *c  " 

1 -s 

Tota 1 1 o 1 1 1 " . . ■ 

' ,‘iC-  'nis  per  hour  I 93 

heurs 

Total  hour-'  a -li  n , *■ 

based  .',n  1 aoe 

t be  save-'  ■'^50  tons  per  hour 

1-1“  '-o.irs 

Ecoraric  sa  ' N.r  .e  ■ 

Total  hour'  1-  -'I"-  ‘ 

based  on  I""  “ p“a  ■■'r'-or' 

. 

. 547.900 

(b) 

onnase  ■,  pp+  tons)  174  hours 

Econrnir  'avian  ase"'  'r 

Total  hours  in  ''o->dips 
based  on  r’7'''  ; • - '•'srad  " 

° ^ ‘ ■ r i n ■ ■''onnane 

. 552,700 

(c) 

•le  If  IP  saved 

■"a'e  (1,5(70,, '0.1  net  tons)  355 

hours 

Econotiic  avincs  ised  an 

1^77  antiv.ipatnd  tonnane 

. 5106,500 

(d) 

Tota  1 hour-,  in  1 '.d ' 1.  . 

based  on  ' ' / ' n ■ ■ ' “ ‘ 

- ' ’-a  saved 

(l.’”^r,Oqo  net  tons)  580 

hours 

Economic,  sn^'ans  sa' -’d  r 

-)'r‘ i pi  pa'^'ert  *-onnane 

. 51 14,000 

* Supplied  hv  local  in+ornsis. 


T‘  is  Ch.ir  f .'  I I u .i- 


nnil  r I’  Trav^‘1  '■ 


I f'V*'  ''  * i tl-i  * ' . 

.-I  it  tiiolr  row  rrift-ri  ils  t>v  1' ;■  ‘i  r fheir  worl'I'  T'.  n-. 

^•ivpr  d w'-  to  Grand  Hav<  ' . “■•  ; r .>  rtn_-  rrirs  i ♦ ‘ 

t'lrips  1' d 1 push  1 un  wh  i ct  i'r- r'^u'' t *rips  per  day,  si''  ^ . :■' 

■ i xt  i)  day  i j )'i  ■ 'vort  ’ r’  ‘ ' ' ■ ■ c y * ‘ ‘ ‘ • ■ • . 

■ i ,'e  o-^  -n  , tows  is  l'r'''tpd  uy  I'-':--  ••r-  ar-n,  I i'r- 

d-'sV'*d  t ■ increase  the  si.'r  . u'ilipino  It: 

instead  f Hnwn\'er,  t ^ i ■,  .a’''-t  t-'  d''’e  unf."''  evli-*:-'-;  r‘  r ■ 

mansions,  ■ xeept  durinn  period,  nf  • ‘ . r > ,.r,  tt,u  lor.ner  <•-  ,i  ; 

!■'  .ap  I a extend  out  beyond  tiie  ri' r I I i ■ r.  . without  j r t-t  ■< 

If  n iM  H is  widened  t.n  pi-r'"'*  u f “'ret'  bane  tows  at  , 

1 ■ *,il  . f only  I?  tews  per  would  !•  rar;ui’"'‘‘d  to  >n  ‘•he  

commerce  instead  of  the  18  tows  per  w'oi,  now  recuired.  thrri  fer.- , ' i 
res'j|tv-'t  benefii  would  be  six  | c*  ' ‘-.v  per  .veot  :■.)  iri,  would  ol''  '■ 

Stturdiv  overtime  and  three  other  i.-'w.  p<  r week,  din-  rammercial  a • 
pf  t^.'  river  esfimate  ■lhat  should  H .-hannel  be  w i ds'ned  so  that  ‘ 
described  benefit  would  be  reali.’ed,  a total  economic  savina-.  of  , '.-s 

per  year  could  bo  reasonably  prod  ic<j  red  as  indicated  i ri  Table  IV-l-i. 

Widening  tne  channel  might  also  provide  some  benefit  to  recreation<i  I 
boating  by  increasing  the  safety  to  navigation  in  this  roach  of  the  r iv<r 
which  is  heavily  used  by  commercial  interests. 

Widening  the  river  channel  from  the  present  lOO-fr.ot  wis'h  ‘ 

125  feet  in  the  strainht  sections  ind  150  feet  al  the  bends  would  t>-‘ 
sufficient  to  permit  the  use  of  three  barge  tows  at  all  Times.  I 'mr'-’ised 
usable  channel  widths  of  The  Grand  ■'diver  rahove  the  railroijd  bridge  are 
considered  necessary  to  decrease  the  hazards  <and  restrictions  imp'-nod  on 
existing  barge  traffic  and  to  afford  the  passage  of  longer  tow.  in  ‘'e 
future.  The  maneuvering  charartori  :.f  irs  and  related  space  reguirem'- 
of  the  existing  and  foniseealdy  longer  tows  determin*'  the  rt'cossary  wi'lr’iing. 

Deepening  of  the  l■>xistinq  project  channel  to  10  feet  ippe.im  .v  ir- 
ranted  Inasmuch  .as  the  present  8-foot  depth  precludes  the  rc'.n  I I .'a  t i en  -< 
moC’-  ■-■conomica  I transportation  rate:)  available  from  d<’‘'per  draft  t'.irg''-'-. 
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■’I 


lA;iLL  I.--;.! 

:)avin  ;s*  on  1 r itisLortoJ  on  'Tan  ! • i .rr 

■ r *.  ' .-o'*  b>pr  i ’k:  i.  iKe 

(total  rr r o '.ow-o^oOCl  tons) 
l"r'‘ovenent  - I ^.t  nannol  and  D reject 


1 

• -foot 

•-t  . ...f 

10-1  . 

1 . , j t i . n 

• . ‘ r*  ^ . -.^r  i 

•.  1 

i ' 1 

; • 1 

*'  0 1 

1 ' i "ie 

i<- i •'o  ar  ;o  trip,  nours 

1 1 

1 1 

1 1 

1 1 

r-T  trip 

o7l 

c7l 

0 / 1 

- 71 

..  "•'j  Avuraje 

ser  tjr^e,  tons 

1 ,:?03 

1 ,P00 

1 .100 

1 .600 

ot  tor nos  per  tow 

5 

3 

■ .1  ..urjo  cer  tow 

7.  100 

ncoo 

1 , '■O’O 

■1 , 800 

. -ost  per  ton 

0.7-- 

0.19 

0.  I' 

0.11 

I lAL  COCT  ; 1 , 1 Id 

.■no 

.."'oo 

:-.5r  ,-^00 

;357.:’ri0 

■:nsal  1 ransDortat i on  savinjs 

S;.3S,200 

$477,300 

$557,200 

a i ngs  per  ton 

0.090 

0.173 

0.140 

• ■ T t worth  ot  annua  1 
transDortdtion  savings 

1,130,300  i Sav in;s/ton 

f.  I0(.  ,.’’00 

$111  .(-on 

; 165,  .'DO 

.',-0'',33^  ” "ov!ns/hor 

■ 

i 1 hi  .74,) 

: 1 '0,280 

fOTAL 

i- 1 9 1 , «H0 

$7^‘  ."40 

$2  18,4  30 

1 -.od  on  I '■  / Dr  ice  levels. 
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Table  I V-5  det.jila  tr.msDorta  t i on  savinqs  on  sand  and  qravel  sh  i pmfM' ^ 
between  Bass  River  and  Sprino  Lake.  Cnst  estimates  assume  a l?b-fc  ‘ 
channel  width  ami  show  the  , ivinqs  on  8-,  9-,  and  10-foot  project  decths. 
The  cheapest  transport  cost  per  ton  is  realired  with  a 10-foot  deep 
channel,  allowing  deeper  drift  barges  and  a cost  per  ton  of  SO. 14. 

Cost  estimates  for  engineering  feasil  ilitv  and  derivable  benefi*'.  ar*= 
being  made.  The  proiect  mepils  furtiier  ■ tudy  . There  is  also  no  know- 
potential  user  for  a channel  for  deep-draft  commerce  on  the  Grand  River 
upstream  of  Grand  tiaven. 

(T)  Recreat Iona  I - Pass  River  to  Grand  Rapids.  The  rearti  of 
the  Grand  River  extending  from  .'ran  i Haven  to  the  Bass  River,  and  n,  w 
covered  by  the  present  Federal  proiect,  is  adeauate  for  existing  ard 
prospective  recreational  boat  traffic.  The  river  upstream  of  the  Pans 
River  extending  to  Grand  Rapids  was  formerly  a part  of  the  Federal  project, 

but  was  abandoned  by  the  1950  River  and  Harbor  Act.  Mo  work  has  bee- 

done  on  this  r-‘arh  of  the  Grand  Riv'-r  since  |h|0  when  a project  providing 
for  a 6-foot  deep  channel  100  feet  wide  was  completed  to  Grand  kCjcid-  . 

This  project  involved  the  dredging  of  about  2,800,000  cubic  yards  of 
mcpterial  and  the  construction  of  152,624  linear  feet  of  brush  and  pile 
training  walls  to  confine  the  flow.  (n  the  absence  of  any  commercial 
use  of  the  upper  river,  the  dredged  channel  above  Bass  River  was  not 

maintained  and  filled  up  so  that  by  1914  the  low  water  depth  was  as  little 

as  2-1/2  feet  in  places.  It  was  estimated  in  1952  that  controlling  depths 
at  low  water  were  probably  less  than  ? feet.  The  bed  of  the  river  in  this 
reach  is  practically  all  sand  and  fine  gravel,  with  clay  found  at  a few 
points  at  depths  of  10  to  lb  feet.  The  channel  width  at  low  wit.  r i'. 
from  280  to  820  feet,  which  was  narrowed  by  training  walls  from  16U  tc 
180  feet  in  places.  The  training  walls  are  for  the  most  part  washed  out 
or  buried  in  sand  bars. 

Preliminary  estimates,  liased  on  available  data,  indicate  thgh, 
to  trovide  a ch.innel  ‘>  feet  deep  and  100  feet  wide  from  Itie  Bass  h I v<  r to 
Grand  R.ipids,  a (Jistance  of  al'out  25  miles,  in  the  interest  of  refr«mhiorai 
navigation  woLild  r.-guire  the  excavation  of  about  1,800,000  cubic  yard-i  od 
material.  Ttie  total  tirst  cost  of  such  a project  would  amrunt  to  abeut 
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$2,500,000,  not  including  the  cost  of  lend  for  spoil  oisposul.  l h.  wor  v 
annual  maintenance  cost  is  estimated  at  about  $60,000,  based  on  pr'-.'i'  ,., 
experience  gained  in  connection  with  the  existing  Federal  projei_f  n t".j 
Grand  River  between  Grand  riaven  and  Bass  River.  The  total  annual  ..fiur;*-.- 
Including  cost  of  maintenance,  would  amount  to  approximately  $160,000. 

In  order  to  economically  justify  such  an  expenditure  of  fan  , 
the  number  of  boats  us i no  the  improved  channel  w^uld  nave  t'-  amnun'  t 
at  least  400  locally  based  craft  and  4,000  transient  boats  mruall.. 

It  is  considered  reasonable  to  expect  that  traffic  of  at  least  +t  ' n, 
nitude  would  develop  should  tfie  channel  to  Grand  Faoids  b<:'  in'crcvcd. 
Channel  width  and  dep+h  were  detepndned  by  the  navlaaticnal  n-nuir  ment'- 
of  a cruiser  up  to  o5  feet  in  lennth.  As  *hesp  reau' r-  mi-nt',.  are  iroater 
than  those  of  smaller  craf+,  they  automatically  provide  for  the  adi-auate 
navigational  needs  of  smaller  craf'*'.  It  is  expected  that  ma-'y  mf  ‘p,.. 
vessels  on  the  Grand  •■'iver  will  be  i aboard  s and  cruisers  in  th-  17 
40  foot  lorn  dans.  However,  the  river  is  sufficiently  wide,  wi*h  -•■-I’-y 
tributaries  and  coves,  so  that  joint  use  of  the  river  by  power  l.  a‘  - 
thus  lasts,  sailor”,  canoeists,  and  fishermen,  may  be  pursued  wi‘‘-  rerre 
tional  enjoyment  !.■■■,'  all  without  interference.  This  joint  use  praviu'en 
maximum  recreational  advantaqes  and  is  an  important  part  of  projec'  justi- 
fication. Some  of  tile  factors  which  indicate  thal  this  ciiannel  inrrovemer' 
may  be  economically  feasible  are  the  present  popul  irity  of  recreatioial 
boating  and  the  expected  continuation  of  this  trend,  the  he  ivi ! , populat.’d 
Grand  Rapids  area  which  provides  a market  for  prospective  t'oaf  purc'i.v  < r-: 
and  a destination  for  transient  boaters,  the  relative  lack  of  iioa''inr, 
facilities  in  the  Grand  Rapids  area,  and  access  to  Lake  i'iv'hlaan  a'' I i 1 ■' 
heavily  traveled  coastline.  The  minimum  vertical  clearance  u’der  ti  i o,’ 
water  conditions  for  any  of  the  fixed  bridges  in  this  section  of  the  rivr 
is  15  feet  which  will  allow  passage  of  ijlmcst  any  cru  i s.  r - \ • ve_i  I. 

(4)  Recreational  - Upstream  of  Grand  Rapids.  An  Inv". ti  latiiv 
was  made  .is  to  the  economic  feasibility  of  providing  an  impr.  ved  chann"l 
for  recreational  boating  upstrecam  of  Grand  Rapids.  the  pla'^  1 nv<'st  i ga'oc 
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was  that  sugcjested  by  the  Waterways  Division  of  the  Michinan  Department 
of  Natural  Resources  comprisifvi  a lock  at  Gr<and  Rapids,  a channel  80  feet 
wide  and  5 feet  deep  to  1 owe  I 1 , and  a channel  hO  feet  wide  and  4 feet 
deep  to  the  dam  at  Lyons.  Ibis  covers  a river  distance  of  about  55  miles 
and  passes  under  17  bridoP'.,  mostly  at  Grand  Rapids  and  the  principal 
towns  alonq  the  route.  In  order  to  provide  a throuqh  channel  a loct.  must 
be  constructed  at  ttie  Grand  ‘-'apids  dam  where  the  difference  in  wa+er 
elevation  is  18  feet.  Upstream  of  Grand  Rapids  the  river  width  viries 
from  100  to  1,950  feet  with  an  averaoe  vvidth  of  about  GOO  fee'*'.  Depths 
in  this  reach  of  the  river  vary  cons i derab I \ , but  probatUy  averane  about 
feet  under  low  water  condition' . The  river  bed  is  composed  almost 
entirely  of  sand  and  qravel  and  freauent  bar_>  obstruct  the  chuir''i  i . 

Preliminary  estimates  made  to  determine  the  cost  of  tie  =iunested 
plan  of  improvement  indicate  that  it  would  cost  about  million  dollars 
to  provide  for  recreat  io'-a  I naviqation  on  the  Grand  River  upstreir"  of 
Grand  Rapids.  This  i nr  I ide-  the  cost  of  a lock,  l.u*-  not  the  cost  of  anv  Lridoe 
mod i f i cations  that  miqht  tu-  ne('e-,sary.  The  total  <innual  charnes  for 
such  an  improvement,  incluiino  annual  miintenance,  would  be  about  1400,000. 

To  obtain  annual  benefit-  eaual  to  the  estimated  annual  charae'  would 
rein  that  at  least  800  t'callv  t .as-’d  boats  ranqini’  in  lenath  from  P 'r 
o5  feet  would  have  to  be  based  in  tiiis  reach  of  tbe  river  and  well  ev'  r 
10,000  transient  craft  visits  wuld  t’C  required  annually.  There  i ■.  no 
indication  that  suet)  a vo  I um.  t'f  tr.itfic  w.-uld  material  i.’e  in  th<->  near 
future  should  the  considered  i r provem.^nt  he  constructed.  Therefore,  ba'.  t'd 
on  the  limited  informi'io''  nv'ilalle,  it  i concluded  that  i mproverient 
of  the  Vand  River  upstream,  nf  rand  Rapid'  is  not  economicallv  ai-.*if!.'ri 
ft  this  timt'.  '.nould  the  future  dem.init  f.ar  exceed  that  wt.i.h  e,v  r.-.i- 
.nably  foreseen  it  the  present  ‘Ire,  the  ub 'ert  of  m iw'preved  '-aviai-ion 
-sh.mnel  upstream  of  Or.md  Rapids  stiould  he  restudii'h. 

The  Lyons  dam  i . the  f i r's  f mf  ,i  series  .of  f.Mir'  dam.  ever  i 
|4-mile  r.  icti  of  river  exfer.dina  fr-m  lyon'  fs  Portland.  Wafr-r  depth' 
f UP  to  .'50  ffV’t  exist  in  ■■  iri''  'f  flie  poe  I ■ up'-tream  et  *'e  ‘ v”-  . ‘ re- 

vidimi  a ctianni.-l  50  feet  wide  i-  't  ■;  fi->ef  .l.'.>p  between  tbe  itim  i ' e , P 
icrommo<)  1 te  f ra  i I er-dr  iwn  srif'  rd  .mill  t>eaie  ivt.i.'-  ' ,s.  r ■ • | 
irout'd  the  dims,  involve.^  t*..  ter>.-v>l  .'f  -t  il  ••  d b't  '•  d i ■ :rim«r.|. 
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a clearing  and  snaqginq  *ype  projer  + . This  wort-  I- 

cally  Justified  in  itself  since  the  nur-h'T  -f  craf*  n.^eded  t.  rai-'  n ' 
an  improvemc>nt  feasible  cannot  be  reas  ■ ai  !y  anticipated  i • *>■  nc  i'- 

future.  This  improvement  could  1 1 jO  he  ri-  fudied  al  .t  q Ai*h  fh,.-  r-  ■ 
between  Grand  Rapids  and  the  Lyons  dam  sh-.yld  fu*ure  conditi  • hr  ;a 

sufficient!',  to  ju^tif,'  such  actio-.  I mpr''jmjm.>n^  • f the  -rT  d ■ iv-r 
or  its  tributaries  between  Portla-d  a-ni  lan  i-  q a-- ; 1 ■ t.-,e<.n  ; .r  r 1 

Jackson  to  provid---  lakes  for  recr- -at  i . na  I t'oa*inq  c-'ijlt  ho-.q  r.:l'.--d 
by  the  construction  of  res-'-rvoir--  iustif'-  d -'s  i "'ulf':  G -purr  ■ ■■  : - i 
rather  than  throuqt-.  single-purpose  niviiati  ■'*  proiei  ^s. 

c.  Additional  Studies  Author  i .'e-i . Tt-ere  aro  - urr'-.M';  aj‘-  r- 
i .’ed  studies  <onrerrinq  the  mcjdifP  I t f exi  tirig  rr  r : t ' -i 

of  new  projects  at  Grand  Haven  Harbor  a- d rn  th.-  ran.!  h;-...,  . ,• 

in  accordance  with  Mouse  Puilic  Work-:,  1 ‘ tee  I ut  in  r .)iOa  i "irr-i 

I'ThO,  is  to  invralig.ite  the  nee-l  for  furt'<r  i mpr. 'Vem-'nts  in  f e ir'-ri-.t 
of  commercial  navigation.  AMhouah  the  nri  ;i’.;l  intent  of  loc<l  i'-terests 
was  to  consider  the  aiiv  i sau  i 1 i t y of  ir-irrrvin-i  a branch  of  the  'i-ra-'!  t-iver 
known  as  the  "South  Channel,"  I oca  1 i t' tori,'?  ta  sul  neguonf  modifi-'C  *'h('>ir 
request  to  include  other  improvemtmts  in  lieu  of  the  '-rMith  Chan-n-!.  A;  a 
public  hearing  hold  in  Grand  Haven  -an  Cr-  '‘arch  l''t-8,  loc.rl  it  f.-r---  t pr-'- 
posed  the  following  improvements;  (I)  leepen  ft,.-  exisfing  deor-t- 
harbor  channel  to  a minimum  depth  of  .'’b  foot;  (2t  ifeepi't'  and  wi  t-- 
turning  basin;  .and  ('■)  deepen,  widen,  and  --traigliten  the  ox  I-  tit  ; 'diil.w- 
draft  river  channel  from  Grand  Haven  to  the  Bass  River.  Improv-mi-  * f 
the  harbor  channel  and  turning  basin  will  permit  u 1 ! I i .a.)  t i .an  (.f  larj.'r, 
modern  lake  vessels  wifii  a resultant  savings  it,  transportation  co'  t-.. 

The  requested  river  channel  improv‘-men*  will  .ill  >w  the  ii-e  -f  larg.  r 
barges  and  larger  tow.  fherebv  decroa.  i nci  ftie  number  of  tri:  '-  reipilr-  ■. 
Work  on  this  study  has  been  initiated.  The  othc'r  authori.’od  ■ tuily  i ■ 
to  determine  if  any  modification  of  th-’  evisfino  project  in  ,idvi.,i‘  |. 

-ind  is  in  accord. incr  wit*-  H.'iise  Public  Works  Committe--  r.  a!r;i-.; 

H April  |Rb7.  Thin  study  will  cov-'r  nil  asperfa  of  ri'cre  it  1 1 1 b if  i n-a 

acfivitv,  with  p.artieul.ir  empfiasis  on  i mprov-’m- -r: f of  ttie  b'ran.i  u-;v,.r  fr.-m 
the  Bass  River  fi>  C-rand  Rapid;  for  small-rraft  nav  i g.i  t i ..n . Wert-  o ] . 
study  has  not  yi>f  tu-en  ir-i  Mated. 
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5>.  ELrCTRIC  PQWFR 

>).  Marrset  for  Power.  The  '^rand  River  Povi.T  Reqlon  approx inate"-. 
the  hydrologic  boundary  f the  Basin  except  ‘^hat  it  follows  county  lines. 

The  Power  Region  consists  of  the  following  el>‘ven  f'ichioan  counties; 

Barr-.,  Clinton,  Fatc',  iratio*,  Innhafr,  Ionia,  Jackson,  Kent,  Monte. iln, 
ttaw.i,  and  Shiawassee.  Locations  of  hiqh  load  concentration  w , th i n the 
Power  Re'iion  are  influer.oed  bv  fra  jor  eoonorie  centers  desiqnated  as 
Standard  Metropolitan  ya*  i s-t  i ca  I Areas  (SMSA'sK  There  are  three  St'SA's 
within  the  Power  Region:  iSrand  Rapid',  composed  of  Kent  and  Ottawa 

Counties;  Lansing,  composed  of  I.  I inton,  Eaton  and  Ingham  Counties; 
and  Jackson,  composed  of  Jackson  County.  They  have  been  chosen  as 
three  of  the  f ■ ve  power  subarea  -.  The  remaining  tw'  -.ubareas  are  the 
Northeast  trinqe,  c ‘"■■0  i t i ng  of  'ra'i.  t Shiawassee  Counties,  and  ■*he 
West  Central  Bolt,  consis^ir-g  of  Montcalm,  Ionia,  and  Parrv  Counties. 

The  brand  River  “as in  Power  Region  is  currenMy  an  importer  of 
electric  energy,  md  i+  is  expected  that  ttie  Region  will  continue  to 
import  in  the  future  .1+  about  the  present  rate.  In  1065  about  4 1 percent 
of  the  Region's  energy  reguirement  was  imported  from  plants  located  out- 
side the  Region.  By  the  year  .'’070  it  is  projected  that  this  import  will 
arrxaunt  to  about  44  percen+.  Table  I V-6  shows  the  projected  amounts  of 
energy  imported  into  the  Region  at  intervals  throughout  the  study  period. 

At  the  present  time  *he  bulk  of  the  energy  generated  within  the 
Power  Region  is  located  in  the  Grand  Rapids  and  Lansing  Subareas.  It 
should  be  noted  that  the  Campbell  plant  of  Consumers  Power  iTompanv,  the 
largest  plant  in  the  Power  Region,  is  located  in  the  Grand  Rapids  Subarea 
on  the  shore  of  Lake  Michigan.  Although  this  is  outside  the  Grand  River 
Basin  drainage  area,  it  is  within  the  area  defined  as  the  Power  Region 
and  therefore  has  not  been  considered  as  an  import  in  this  report . In 
addition.  Consumers  Power  Company  has  stated  that,  because  of  inadequate 
cooling  water  in  the  Grand  River  basin  for  the  s i .’o  units  being  contemp  I atod , 
.ill  proposed  i nsta  I lat  ions  to  serve  the  ttasin  would  be  located  on  the 
Great  Lakes.  A major  portion  of  the  supply  for  tho  Grand  R.ipids  Subarea 
( jbout  R5  percent!  will  be  located  outside  the  Basin  drainage  are.i  hut  in 
the  Subarea  as  defined  in  this  study.  Consequently,  the  brand  Rapids  and 


IV -26 


Table  IV-6 


Grand  River  Fas  1; i Pove t R i o n 
Existing,  and  rrojocted  F.neri;v  Reoui  renriu  s and  Supply 

(1000  kv.'li)' 


Total 

Energy 

Hydro 

Product  ion  — 

Net 

Region 

Thenaal- 

Electric 

S uba  rea 

Required 

Import 

P roduc  t i on 

Grand  Rapids 

1,908,000 

1960 

24,560 

1,684,547 

196,893 

West  Central  Belt 

255,000 

21,960 

201,264 

31,776 

Northeast  Frini^e 

207,000 

1,03  5 

199,492 

6,473 

Lansinfj 

1,235,000 

3,356 

396,41] 

835,233 

Jackson 

5d5,000 

- 

545,000 

- 

Total  Region 

, 1 50 , 000 

50,911 

3 ,026,714 

1 ,072,375 

Grand  Rapids 

2,688,000 

1965 

18,C  13 

466,748 

2,20?,'  39 

West  Central  Belt 

36G,O00 

16,?.i5 

301,066 

46 , 689 

Northeast  Fringe 

292,000 

699 

28-3  ,401 

7,900 

l.a  nsi  ng 

1,807,000 

1,005 

589,898 

1,216,097 

Jackson 

779  ,000 

- 

779,000 

- 

Total  Region 

5,930,000 

36,50? 

2, A 20, 113 

3,^73, '525 

Grand  Rapids 

7,51^,000 

1980 

47,^00 

3,496,000 

3,9  71,t.  H”) 

ost  Central  Belt 

1,005,000 

63,700 

941,300 

- 

Northeast  Fringe 

815,000 

700 

81  .,300 

- 

Lansing 

4,865,000 

3 , 700 

2,529,000 

2. 333, 100 

Jackson 

2,150,000 

- 

2,150,000 

- 

Total  Region 

In,  3 50, 000 

115,  500 

9,930, 600 

tt,To3 /''cri 

Grand  Rapids 

18,760,000 

2000 

4 7 , 400 

5 , 060 , 000 

13,652,600 

West  Central  Belt 

2,510,000 

63,700 

2,446,300 

- 

Northeast  Fringe 

2,030,000 

700 

2,029,300 

- 

Lansing 

12, 140,000 

3,700 

6 ,068 ,000 

6,068.300 

Jackson 

5,360,000 

- 

5,360,000 

- 

Total  Region 

40,800,000 

115,500 

20,963,600 

’1^77-^7900 

Grand  Rapids 

35,630,000 

2020 

47,400 

5,680,000 

29,902,600 

West  Central  Belt 

4,760,000 

63,700 

4,696,300 

- 

Northeast  Fringe 

3,860,000 

700 

3,859,300 

- 

Lansing 

23  ,060,000 

3,700 

9,796,000 

13,26.0,100 

Jackson 

10, 190.000 

- 

10,140,000 

- 

Total  Region 

7 7,500,0^j0 

115, 50C 

34,2.’1,60‘' 

43,  K'.’.'HKJ 

1/ 


B<ascd  on  average  anniial  cner(;y  for  years 


nSO,  7000,  and  2020. 
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Ljnsinq  Su!\.jreas  will  continue*  to  supolv  a siitiv- + ae.  t i ,•,  I :■!  rt  ^ r . <■  te,etr 
cwn  reau  i renents . ’’'he  tt*ree  romaininq  Subarer  , 'A",‘  Jen-tral  Rn|*, 

east  l-ri^qe,  and  Jac>*:''n,  whi.'  ’ ave;  ’ i 1 1 I t^een  ucplied  by  i'^ipcrv 
will  continue  to  he  supnlied  t'V  imports  i'  the  tu*are. 

Forecasts  indicate*  tha'*  *t*e  future  inereaset  power  reau  i renents 
of  the  Grand  River  basi*'  will  t*e  supplied  frc"  uts  i de  the  Basin  with  the 
exception  of  the  requirements  ’'f  the  i i ty  of  Lansirr;.  The  Lansim  Board 
of  Water  and  Light  plans  to  build  a tr,  i rd  steam-e  | e<- • r i c power  plant  on 
the  Grand  River  on  a site  in  Section  54  of  'delta  'cwnship,  Eaton  County. 
The  first  unit  of  If'O  meqawatts  is  scheduled  for  commercial  operation  in 
1972.  An  ultimate  capacity  *'f  1500  meqawatts  tr  be  built  in  staqes  over 
a 20-year  period  is  planned.  Cocling  towers  will  be  used  requiring  a 
diversion  from  the  river  of  make-up  water  onlv.  ^ small  storage  pond  is 
also  being  considered  for  supplemental  water  supply  during  periods  of 
extremely  low  stream  flow. 

b.  Potential  Hydroe I ectr ic  P-wer.  The  natural  conditions  existing 
in  the  Grand  River  Basin  Power  Region  do  not  favor  extensive  hydroelectric 
power  developments.  The  highly  developed  agricultural  lands,  the  numerous 
cities  and  towns,  and  costly  transportation  facilities  within  potential 
reservoir  areas  limit  the  possibilities  for  development  of  storage  sites. 

Undeveloped  hydroelectric  potential  in  the  Reoion  is  estimated 
to  be  about  18,700  kw  which  could  produce  an  ayeraqe  of  about  78.4  million 
kwh  of  energy  annually.  This  includes  four  potential  sites  and  a capacity 
increase  at  the  existing  Portland  site.  A summary  of  data  for  these  si+es 
is  included  in  Table  IV-“’,  and  their  locations  are  shown  in  Figure  IV-I. 

Projects  considered  as  potential  in  this  report  are  not  neces- 
sarily economically  feasible  to  develop  at  this  time.  In  order  to  screen 
these  projects,  they  need  to  be  investigated  as  to  their  estimated  dev*  lop 
ment  cost,  the  value  of  the  potential  capacity  and  energy  av.iilat  le,  si.'e 
of  plant,  and  transmission  required,  when  specific  projects  are  fop'iulated 
The  value  of  the  potential  hydroelectric  supply  is  considered  to  he  ecuiva 
lent  to  the  cost  of  developing  and  operatinn  the  most  likely  alternatiye 
source  of  supply.  This  would,  in  most  instances,  be  a thermal  electric 
plant  of  the  type  currently  being  installed. 
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Table  IV- 7 


Grand  River  Basin  Pow or  Re;’, ion 
Possiiilc  Ft;liire  l!vd  roe  loci  ri  c Dr  vo  1 opr.ion  t fi 


Drainage  Gross  Installed  Avy.  Anr.nal  Avj’,.  Flow  Hydraulic 
Area  Head  Capacity  F.nerp.y  Utilised  Capacity 


Project  Sane 

River 

(sq.c.i.) 

(kw) 

( 101/0  kwb) 

(efsj 

Grand  Rapids 

Grand 

4,900 

17 

6,700 

30,000 

2,880 

5.6  19 

Sa  ranac 

Grand 

2,980 

lo 

3,700 

16,700 

1,700 

3,300 

Portland  1/ 

Grand 

1 ,C9a 

20 

2,400 

o 

o 

440 

1,710 

McGee 

Grand 

1,19  5 

32 

3,300 

14,200 

7 20 

1,4  70 

Dan  by 

Grand 

1,3?'' 

32 

2,600 

12,  100 

620 

1 , K>0 

1/  Rodevc  lopT.e  nt  of  existinc,  site 
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GRAND  RIVER  BASIN 

EXISTING  GENERATING  PLANTS 
e.  POSSIBLE  FUTURE  HYDROELECTRIC  PLANTS 


FUEL-ELECTRIC  HYDRO 

@ □ EXISTING  generating  PLANTS  (12-31  65) 

A POSSIBLE  FUTURE  GENERATING  PLANTS 
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The  omomi  of  possible  future  hydroelectric  suDDly  l- 

small  In  relaticr!  to  the  total  la  .in  supol  / and  would  have  a neclInlMe 
effect  on  the  fufure  fhermal  suppi  / reauired.  However,  for  •.  jr:  - ■■  f 
this  study,  all  of  ♦he  known  potential  hydroelectric  power  nroie  t . 'mve 
been  included  in  the  future  cacacity  supply. 
flood  D/VtAo.F,  FFDHCTI'/J 

a.  Gener.i  I . The  flood  con'^*ml  study  is  in  -“wo  parts:  fir:  mair 

''tern  and  prinri:  :l  tributaries;  second,  upstream  watershed  area  . ' < f- 

upstream  water;*'--d  fL-.;'d  control  studies  are  described  i"  t-saJ  I ir 
Appendix  , A';'  iilture,  of  this  report  . Th^-  Departme-n  ‘ • ‘ '-ri s I - 

Soil  Conserva ' i n bervice  and  the  Corci  of  Fnciineers  aqr'.'  •'  ;■fir<•: 
these  areas  •.  ivoid  duplication  o-f  wori- . The  study  is  tro-.-  ; w-  ■ . 
reach  as  folI''.w7.: 

"FACH  Df£rR|CTi:N 

Corps  of  F r n i iie°rs 

a.  Grand  RiV'T,  "n  j n stem  up  to 
J ackson  f ’ u 1 - ' T t ■■  019) 

b.  Red  Cedar  '-iv'r,  m-iin  stem 
ur  to  Willi  ton  (t'i  le  0 to  ?2) 

c . Look  i nno  I PS  f-  i v(  r ^ m p i n s+emi 
up  to  DeWitt  (“i I ■ 0 to  25) 

d.  Stony  Creel-,  up  t-  Wriqht  Road 
(Mi le  0 to  12) 

e.  Maple  River,  up  '■  IS-27  lederal 
Hiqhway  (Mil-  0 ‘o  23) 

f.  Mat  Rlvi  r,  r’i.iin  stepi  (all) 
q.  Thornapple  - iver,  maM  st('m  (all) 
h.  Roque  River,  naM  s t,pm  (all) 

Many  of  t>u'  I'.rand  River  h.r;.  i ' ' major  urt'.in  area,  ir-  - • 

periodic  flooriln,;.  The  url  an  are  is  " u;  ;ert  to  tloodinq  w'“l- 
listed  In  Table  IV-B,  are  located  primarily  alonq  the  main  sto"  of  th. 
Gr.ind  River  ind  al  'n<i  .('mi^  of  '♦he  maiot'  ♦r'hutarien.  The  ■ ■ 
performed  f'-.r  ep! f these  urh.an  areas  was  based  on  the  i-.yi.e  * . < 
p-itential  that  existed.  The  damaqo  potc-ntial  of  eart  ire,,  ,v  ■ evil  | 


Soil  Conserve''' i if.- 

a.  Portaqe  ’"  iver  - m • 
stem  ('tin 

t . All  UP  ■ r:  ■ II’  area'  • * 

sped  f i ’’d  f r , • ua  , 
the  Corp < ‘ . ■ • I • -r 


I 

I 
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TABLE  IV- 8 
URBAN  DAMAGE  CENTERS 


City 

Grand  River 

1 . Grandvi I le 

2.  Grand  Rapids 

3.  Plainfield  Township 


4. 

Ada 

5. 

Lowe  1 1 

6 . 

Saranac 

7. 

Ionia 

8. 

Lyons 

9. 

Port  1 and 

10. 

Grand  Ledqe 

1 1 . 

Lans i nq 

12. 

Di monda 1 e 

15. 

Eaton  Ran  ids 

14. 

Jackson 

R^ 

Cedar  River 

15. 

East  Lansinq 

16. 

Okemos 

17. 

Wi  Mi  amston 

18. 

Fowlervi 1 le 

Sycamore  Creek 

19. 

Mason 

Maple  River 

20. 

Mui  r 

21  . 

Maple  Rapids 

22. 

Ovi  d 

Thornapple  River 

25, 

Hast i nqs 

River  Reach 
Miles  from  Mouth 

54.0  to  37.0 

37.2  to  45. S 

45.5  to  51.5 

61.3  to  62 . 3 

69.6  to  71.0 

77.5  to  78.2 
86.9  to  80.2 

95.3  to  96.2 
112.2  to  113.5 

159.0  to  142.0 

150.5  to  158.0 
164.4  to  165.1 

180.0  to  181 .5 

217.0  to  219.5 


3.3  to  7.2 

9.5  to  10.9 
20.2  to  22.2 
about  33 


12.7  to  14.6 


0.6  to  0.9 
about  |9 
about  54 

about  4? 
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through  field  reconnaissance,  contact',  with  local  pe^'ple,  and  aval  hit  I - 
office  data.  Detailed  studies  indicated  that  damages  would  be  sianl f ican* . 
The  scope  estatlished  for  these  detailed  studies  is  pre  I i mi  nar/ ; tiowr-ven, 
enough  detail  is  contained  to  estimate  the  economic  feasitili*/  of  different 
plans  of  improvement.  These  studies  consisted  of  description  and  identifi- 
cation of  the  flood  problem,  and  estimate-:  of  several  plans  irprovement 
(such  as  local  protection,  area  evacuation,  and  flood  control  rc-sf-rv'e  rs) 
to  alleviate  the  flood  oroblem.  In  addition,  flood  control  olan-  w.  r- 
compared  to  each  other.  Pertinent  flood  data  for  areas  for  wh'-  i d-s-fai  led 
studies  were  made  are  presented  in  table  IV-^t. 

The  flood  control  studies  for  the  urban  centers  revealed  ’Ug' 
control  structures  can  be  devised  to  successfully  shield  'hf-  centers  from 
the  expected  floods;  however,  the  monetary  costs  of  the  structures  ire 
prohibitive  for  the  benefits  that  would  accrue.  These  control  "Sr.,,  lures 
are  set  forth  In  appendix  H;  they  are  not  recommended  for  adoption. 
Similarly,  the  floods  can  be  controlled  by  reservoirs;  tiowever,  incil  - 
purpose  flood  control  reservoirs  are  not  economically  feasible  it,  -^he 
Pas i n . 

When  storage  in  reservoirs  at  certain  locations  is  proportioned 
among  multiple  purposes  (flood  control,  water  quality,  w.iter  suppi  , 
recreation,  and  fish  and  wildlife),  a favorable  balance  be+weer  Lu-nefit-; 
and  costs  emerges.  In  the  investigation  of  this  aspect,  ttie  fc-rp  f 
Engineers  inventoried  79  possible  site'"',  and  the  Soil  Conservatiot  r,.rvi,-,c 
inventoried  ar  idditional  I 32 . Prom  th--  e 2I  I possible  si’^e-  , ■ r>rvc  > r 
sites  with  flood  prevention  capabilities  proved  to  bo  eemnorni'  tllv  '''d 
social  ly  accep  tat.  I e . They  are  laite  No.  7 ( 'nondaeja)  of  the  Jactsc  ‘ mpl-'x. 
Sites  Nos.  57C  (Okemc's)  and  SR  (W  i I I i amston ) of  the  Rt'd  (iedar  C'-'m;' I cv , 

Site  No.  22  (labargo).  Site  No.  4?  (Prairie  Creel-),  and  Site  No.  '■! 
(Portland).  This  is  to  say  that  ttieso  pool  . ,ind  reservoir-,  cor-b'-.-.  Mood 
control  with  other  purposes  successfully. 

b.  F I ood  Contro  I Bonef  its.  At  the  outset,  it  prob.ibly  shr-uM  t,- 
explained  that  market -va  I tied  bonef  i t-:  .jonoritei  tiy  flood  cor  ' ri  I i '>  ‘ ill- 
ations may  or  may  not  iccrue  ovi-ry  yo.ir  .r.-  other  benefit,,  .ire  v. lined. 
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TABLE  IV-  9 

MAJOR  FLOOD  DAMAGE  CENTERS 


r 


Record  Flood  Data 


Comrnun  i tv 

Upstream 
Drainaqe  Area 

Year 

Staqe  (USGS) 

Max i mum 
Di scharqe 

Averaqe 

CFS/SM 

Grandvi  1 le 

5,000 

1904 

605.4 

54,000 

10.8 

Grand  Raoids 

4,900 

1904 

609.9 

54,000 

1 1 .0 

Plainfield  Two . 

4,850 

1904 

617.1 

54,000 

1 1 .7 

Ada 

4,000 

1904 

628.2 

52,500 

M.  1 

Lowe  1 1 

3,640 

1904 

633.  / 

44,000 

12.1 

Ionia 

2,840 

1904 

643.5 

45,000 

15.8 

Lyons 

1 ,777 

1904 

653.8 

32,600 

18.4 

Lans i nq 

1 ,230 

1904 

825.8 

24,500 

19.9 

Eaton  Raoids 

661 

1947 

868.8 

8,900 

13.4 

East  Lansinq* 

355 

1947 

835.9 

5,920 

1 6 . h 

* East  Lansinq  is 

on  the  Red  Cedar 

River;  a 

1 1 other  common i 1 

i es  1 i sted 

are 

on  the  Grand  River. 
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They  are  estimated  on  the  basis  of  damages  that  are  caused  by  floods  at 
certain  periods,  some  interval  apart  in  time.  These  intervals  may  t)0 
as  little  as  one  year  or  as  much  as  50  years.  The  expense  of  damane  re- 
pair is  then  averaged  over  these  years  and  reported  as  average  annual 
benef i ts . 

Total  flood  control  benefits  that  materialize  from  the  operation 
for  flood  control  of  the  reservoir  at  Site  No.  7 (Onondaga)  of  the  J ac !■  >on 
Complex,  are  estimated  to  be  $50,000  annually.  Total  flood  control  bene- 
fits for  reservoirs  Nos.  57C  (Okemos)  and  58  (W1 1 I lamston),  of  the  ited 
Cedar  Complex,  are  estimated  to  be  $250,000  annually.  For  the  reservoirs 
of  Sites  Nos.  22  (Labarge),  42  (Prairie  Creek),  and  51  (Portland),  tol!l 
annual  flood  control  benefits  are  ca I cu I ated  to  be  $200,000;  $40,000; 
and  $56,000  respectively.  To  present  a somewhat  more  detailed  conception 
of  the  economies  of  the  flood  control  reservoir  operation,  further  inalyses 
have  been  tabulated  which  show  the  benefits  at  certain  locations  due  *o 
certain  projects.  These,  together  with  other  relevant  informatior,  are 
in  Tables  IV-IO  and  IV-II. 

c.  Flood  Control  Solutions  Considered  and  Rejected.  There  are 
diverse  methods  of  dealing  with  river  floods  to  restrict  or  eliminate 
the  damages  they  may  create,  depending  on  the  geographical  location. 

Many  years  ago,  of  its  own  volition,  the  city  of  Jackson  encased  the 
Grand  River  in  a concrete  conduit  through  the  central  business  district 
and  improved  the  north  river  channel.  At  the  downstream  end  of  the  Grand, 
the  city  of  Grand  Rapids,  after  the  1904  flood,  constructed  flood-retaining 
walls  and  levees  along  the  river  banks  within  the  city  limi+s.  Roth 
schemes  were  successful,  so  there  are  precedents  for  the  technical  ■'uccess 
of  these  methods.  In  the  Basin,  at  each  of  the  major  urban  damage  center'', 
a full  range  of  flood  control  protection  methods,  which  lend  themselves 
to  this  Basin,  were  examined  and  tested.  These  methods  are  upsfre.irr:  re- 
farding  reservoirs,  levees  and  flood  wails,  channel  Improvemer-^  , and 
flood  plain  evacuation.  F.xcept  1 ng  reservoirs  at  Sites  Nos.  7 (Onondaga), 
57C  (Okemos),  58  (W i I I i amston ) , 22  (Labarge),  4?  (Prairie  Creek)  and  ' | 
(Portland),  prudent  schemes  utilizing  these  methods  or  a combination  i 1 
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them  are  too  costly  in  proportiori  to  the  benefits  liiTivfi.  Ii-tailed 
expositions  includinq  plains  showinq  the  layouf'.  of  exar  i rat  i ■ ■ 

are  in  appendix  H.  In  addition  to  the  cabove , the  O'- r r-ujr  j -f  | es  of  Hastinq  , 
Muir,  Maple  Rapids,  Ovid,  Okemos,  W i I I i amsto'' , v ' ■ wlervllle  have 
occasional  flood  damaqos . These  were  not  sludi^'d  i ••  d’’tall  tim  pr.'''!  ■ 
that  such  studies  were  nol  warranted. 

d.  Effects  of  Valle',  Fn^serves  on  Level  • I ■ d i'ama/  . "hc- 
va I ley  preserves  recommended  ire  to  a qreat  extent  f:^r  flood  damane  re- 
duction. What  will  b3  their  v 1 1 ue?  Certainly  a i th  ^ r K;,-r-ont  r -f  th- 
flood  plains  of  the  G'-nd  and  n-q Jor  tributaries  far  *'as  purp-ise,  flood 
damage  to  private  Improvement-,  that  would  likelv  o-*-h.  rs  i .e  lor.ate  on  then 
would  disappear.  Easily  --‘nessible  tracts  of  .nrimev.'il  ;■  Itinq  would  also 
afford  many  benefits  of  w.'-ll  boina,  relaxation,  rerrei'i  ;i\d  physi.:,;| 
reconstitution.  Important  rrioratior,'  f industry  ar.d  uopul’tion  to  lo- 
cations adjacent  to  v-i  I I €-v  nreserves  may  occur.  Viqt  lance  will  he  neces- 
sary to  insure  that  adj.ir.er.f  comm'-rc  i a I i sm  does  not  r ir  the  settirq  of 
the  several  reaches. 

^ RECREATION 

a.  A ; ternat  I ye  . h’'V(.'r-il  alternatives  were  .iviilitle  for  consider.i- 

tion  in  the  developm-"t  of  a recreation  plan  for  this  Rasir.  They  Iriclud‘'d: 
(I)  continued  expansion  of  -xi  ting  State  and  local  narks,  (O  t'velopment 
of  new  parks  on  existinq  lakes,  development  of  new  parkfi  on  new  impouna- 

ments,  (4)  development  of  rew  parks  on  Like  Michirr  , (‘-1  development 
recreation  areas  ilonq  m.-iinr  streams,  ((  ) developmont  ,.f  facilities  I'y  *'• 
private  sector,  and  (7)  tr.ii-sf*'r  of  needs  to  area"  outside  the  Basin. 

Some  of  the  rvi  , 'ini;  State  p.irks  t .)ve  lif'le  'r  no  roor  for  - 
p ans  ion  on  existinq  |,ird  I ■ I I ' nqs  . Aoqu  i s I t ion  of  -i.M  i t i rn.a  I I r-  ; ^ 'u  I T 
fe  very  expensive,  especi  illy  wfi-'re  it  would  consi  f " f like  fr.inlaqo  a-  ' 
nearby  proper-'"V.  ' t n<  ‘ lakes,  the  desiril  |e  ' r-Mit.i  >'■,  h.ivi'  i'e.o-  pi,;'*.  ■ 
ind  developed  for  cottaqi  - and  perminent  reside'.,  .-  . mo'  s-iafe  park• 

^' ave  expansion  room,  Imt  ‘heir  wafer  surf.ioe  i bi'i''q  ijtili.'od  to  i t^.  f';l| 
extent;  thus,  devel-^pmenl  ■ f addition, il  f i,  ill''-  .u  I ; p.o  .icc- 'mp  I i -Vu' 1 
only  for  land-based  arfivlties.  dover, il  new  State  ark,  n we  sulst.inti.il 
undeveloped  space. 
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Land  for  new  State  parks  could  l)e  acquired  and  developed  ■ ■ 
several  of  the  larger  existing  lakes,  but  it  would  require  the  pur  ‘ .ise 
of  many  sira  I I 1 racts  of  residential  or  cottage  property  at  a verv  r,r-*at 
cost.  These  lakes  are  already  being  used  heavily  for  boating,  fis'  '■■g, 
and,  to  sorruri  extent,  for  swimming  by  abutting  and  nearby  proper!,  n-  I d._  r . . 
Thus,  new  parks  developed  on  existing  lakes  could  provide  additional  p- 
portunities  for  land-based  activities  and  swimming,  bu+  there  aDP’-a’  fo 
be  only  limited  opporlunity  for  the  development  of  additional  opp>r' uni- 
ties ■fof  water-based  activities.  in  any  case,  acquisition  of  r suffi- 

cient area  of  fand  would  be  very  high. 

There  is  substantial  opportunity  for  the  development  -d  ft  'IIM^ 
for  all  types  of  recreational  activities  on  new  impoundments.  i">u  ■■  >- 
poundments  and  the  adjacent  land  area  could  be  developed  w i tnout  I'ri-i+r-'^ 
imposed  by  intensive  resident 'al  development  present  on  most  exiu+I-g  liwc-. 

The  shore  of  L.ike  Michigan  presents  proolems  somewhat  I f ’ I r 
those  found  on  existing  small  inland  lakes;  that  is,  the  shore  in  " 
places  h.3S  been  developed  intensively  for  residential  use.  Thu-  , 

State  finds  if  difficulf  to  acquire  large  tracts  of  land  on  tht-  I i^-’  r.  . 
In  addition,  while  fhe  lake  presents  excellent  opnortun  i t i es  f''""  i . 

it  offers  very  limited  oppor fun i t i es  for  boating,  water  skiing,  t : ■ ‘ W ; 
from  sma II  craft . 

The  flood  plains  of  the  major  streams  in  the  Basin  -fS''-'  a- 
excellent  opportunif,/  to  extend  recreation  areas  close  to  urtau  .n*.r,. 

They  also  present  the  potential  for  the  development  of  a wide  var"'*,  -f 
activities,  althougt)  opportunities  for  boating  would  biu  limited  ■ "-all 
boats.  Implementation  of  the  valley  preserve  concept  appear.'  '■ 
most  difficult  problem  to  solve. 

The  private  sec.  t r should  be  encouraqeci  to  develop  recreat  1 ■■mI 
facilities,  especi  ills  for  land-based  activities,  i ri  ereas  of  sut's'*  u-'i.il 
need.  The  private  sei  ' u-  cannot  be  expected  to  develop  Alter  surf  i.u  ^ r 
recreational  use,  except  .v-  ..mall  impoundments  ,ire  developed  in  ; ,,0.  1 i or 
with  r<3sidentlal  deve  Ir  r " ■ t c>r  for  pay  fishin,'].  iloAover,  the  pr-'.M*,' 
sector  could  provide  -'pp.'rf  u'  i t ies  for  c.tmpinq,  pirnirkinq,  and  'wirr,n;nu 
md,  fo  a lesser  evt.tt,  '‘r..r  rel.ited  land-b.v.ed  .1.  ‘ivifles. 
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Another  set  of  nitornatives  needs  to  be  (considered  at  this 
roint.  The  Task  of  after'rtinq  fo  develop  water  surface  to  satisfy 
neecis  for  powerboat  inq  and  water  skiinq  w i +h  i r the  Efas  i n by  the  year 
.’070  is  economically  and  almost  physically  impossible. 

Therefore,  those  individuals  who  desire  to  participate  in 
these  activities  will  : robably  have  to:  (I)  accept  much  lower  stan- 

dards for  space  than  those  used  in  the  development  of  projected  needs 
in  *he  roport,  (7)  .pre.ul  Iteir  participation  in  such  activities  throuqh- 
'ut  the  week,  (Jd  ,eek  cpi  ortun i t i es  to  satisfy  their  desire  for  water- 
dependent  activities  on  f r'ilities  located  outside  of  this  watershed, 
and/or  (4)  seek  the  sat  i n f a''t  i on  of  their  desires  in  other  recreational 
i.-t  i vi  t ies  . 

The  acceptance  jf  lower  space  standard*  would  increase  the 
potential  for  bodily  inji.r\'  and  conflict  with  other  water-based  activi‘1- 
fxistinq  and  planned  areas  of  water  surface  hav(»  the  potential  to  satisf-, 
much  greater  quantities  of  need  for  water-based  activities  if  such  areas 
ire  more  fully  utilized  throughout  the  week  rather  than  Just  on  weekends. 

Recreat  ion  i st„,  ,v  M I need  to  satisfv  their  desires  for  outdoor 
activities  in  some  type  of  activity  other  than  powerboatinq  and  water 
skiinq.  At  this  time,  however,  it  would  be  only  con  lecture  to  attempt 
to  determine  what  activities  miqht  be  used  as  substitutes. 

Some  of  the  needs  arisinq  from  weekend  use  could  be  transferred 
to  areas  north  of  the  Rasin.  On  the  averaqe,  about  T7  percent  of  total 
demand  in  the  Basin  is  .ierived  from  weekend  use.  t'anv  lakes  within  l?h 
miles  of  the  Basin  boundary  are  already  heavily  used.  However,  ther-* 
are  numerous  opportun  i f i I's  to  develop  sites  for  C('impina,  picnickinq,  a”!! 
related  activities  alonq  streams  in  the  State  and  National  forests. 

b.  F’lan  of  fevelormen^.  The  objective  of  recre(3tion  planningi  is 
to  provide  the  public  with  *.ufficient  usable  water  and  related  land-tva'i’d 
recreational  facilities  to  reasonably  satisfv  the  public  demand.  Ic  b*' 
‘atally  complete,  a rooreation  plan  should  inrludt'  *he  proposed  devel  t- 
m‘'nt  of  recreational  facilities  by  all  levels  of  qovernmend  and  the  privaH 
sector.  Hr.wever,  in  a plan  of  the  maqnitude  heinq  developed  for  tfu'  orand 
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River  basin,  it  would  be  very  difficult  to  identify  specific  deve I opr'c-nts 
proposed  by  individual  local  units  of  governpent.  In  addition,  the  pri- 
vate sector  will  function  only  in  those  areas  whert^  there  is  oppf'r  t ij' i ty 
to  make  a profit  without  undue  risk.  Therefore,  the  recreation  plan  i.et 
forth  in  the  following  pages  is  limifed  to  those  segments  that  would  ce 
developed  by  the  Federal  and  State  governments  and  to  the  certain  ma  ior 
segments  of  development  Involving  local  units  of  government. 

Insofar  as  reasonably  possible,  reservoirs  included  ir  trie 
early  action  plan  were  selected  for  their  capaci+y  to  satisfy  needs  In 
a quality  environment.  However , in  several  iterance-,  it  will  ; -o^es- 
sary  to  transfer  needs  from  one  subarea  to  rnottier  or  to  areas  outs  ice 
the  B.isin  tier  luse  developable  sites  w i ■^h  i n the  Lansing  and  ‘Jortheast 
Subareas  am  very  limi+ed.  Thus,  small  surpluses  of  fa^Mitles  fer 
several  activities  in  the  Jackson  and  Grand  '-.-j^ids  Subareas  can  accomm->- 
date  unmet  needs  in  the  other  Subareas. 

Tht.'  H'vel  of  development  proposed  for  each  f ttie  reservoir 
sites  listed  in  this  section  represent'  an  inlii  il  level  only,  "''inre 
it  is  proposed  to  acauire  all  land  ttiat  would  be  needed  for  full  devolop- 
ment  when  the  reserv-Ir  is  constructed,  additional  facilities  could 
readily  be  conitructed  to  meet  new  needs  as  they  develop  in  the  po' t 
|9R5  period. 

The  level  of  ultimate  development  proposed  for  each  of  the 
i tes  I!'  M-d  in  Ran  i n PI  in  ramies  from  about  10  to  lb  percer^r  -''f 

th.!  * *al  I a' d are-:  f--r  the  eight  activities  used  in  this  ntud-.  . 'he 
I . i , f laditional  space  to  iccomm..  date  ntler  artivitien  r;.i  cor - 
‘•■reg  ;•  t'  I would  rc-'ouire  an  idiiitional  tliree  - flv  : or  > os' 

'♦  tn.-'  I md  art  a.  thus,  total  deve  I 'snmen  t of  space  f r ■n*c"-iv:  use 
A 'ul  * rnoun*  '■  .ibout  lb  to  JO  percent  rf  the  total  rerrt  a‘'Oi  ar.--). 

h I '.('e  tho  r|  ,n  for'mulation  Sulu'onm  i tf  ee  -.et  "'■tie  tie.;.  ' da+e 
f'T  the  tcirly  action  prograni  back  from  I PRO  to  |R8h,  b.'.-.iuse  of 
(.  lose-ie..-,  of  -the  var  !'*H0,  the  same  procedure  will  be  f I'  weti  in  thi 
plan,  deeds  for  acre-,  cf  developed  land  by  activity  were  .adiusfed  fr.'>' 
1080  to  1988  py  inrreasinn  t-hem  by  a proport  lonati'  --hare  i-.f  thf  i nt  rea-.e 
in  needs  between  l'>80  and  7000.  Needs  for  |9RS  set  t .rti.  in  ‘abH' 
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Ad j 11  St. men t oi  1980  Recreation  Needs  to  1985 


Net'ds  in 
ili‘ve  loped 

Acres  of 
Land 

25% 

of  1) i f f . 

Needs  in  Acres  of 
Developed  Land 

Basin  Summary 

_19^ 

20^ 

1985 

Swimming  (land) 

118 

288 

42 

161 

Boating  (land) 

284 

567 

71 

355 

and 

Water  Skiing  (Water) 

38,500 

108,300 

17,500 

56,000 

Camping 

450 

1,381 

233 

682 

P i c n i c k i ng 

487 

1,247 

190 

677 

Parking 

33b 

756 

105 

441 

Jackson  Subare.i 

Swimming  (land) 

10 

28 

5 

15 

Boating  (land) 

25 

5 b 

8 

33 

and 

Water  Skiing  (Water) 

bUO 

8 , bOO 

2,000 

2 , 600 

Camp  ing. 

(18)* 

82 

25 

7 

Picnicking 

4 

84 

20 

24 

Parking 

25 

70 

1 1 

36 

l.ansing  Subarea 

Swimming  (land) 

45 

85 

10 

55 

Boating  (land) 

77’ 

146 

20 

97 

WatiT  Skiing  (Water) 

17,100 

33,900 

4,200 

21,300 

Camp i ng 

15  3 

381 

57 

210 

P icn i ck ing 

152 

337 

4 b 

198 

Parking 

107 

209 

2 b 

133 

West  tk'ntral 

Swimming  (l.tnd) 

21 

67 

11 

32 

Boating  (land) 

62 

137 

19 

81 

anil 

Water  Skiing  (W.Uer) 

2,900 

20,900 

4 , 500 

7,400 

Camp i ng 

123 

3(01 

61 

184 

Picnicking 

172 

375 

51 

2^3 

Park ing 

55 

167 

28 

83 
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Table  IV-12  (Cont'd) 


Needs  in 
Developed 

Acres  of 
Land 

25% 

of  Diff. 

Needs  in  .'icres 
Developi'd  Land 

Grand  Rapids 

1980 

2000 

1285 

Swlnning  (land) 

5 

39 

9 

14 

Boating  (land) 

61 

118 

14 

75 

and 

Water  Skiing  (Water) 

4,500 

18,900 

3,600 

8.100 

Camping 

51 

239 

47 

98 

Picnicking 

(44) 

108 

39 

( 5) 

Parking 

50 

13  5 

21 

71 

Northeast 


.Swimming  (land) 

37 

6« 

8 

4 5 

Boating  (land) 

39 

1 10 

13 

72 

and 

Water  Skiing  (Water) 

1 3,400 

26,000 

3,200 

16,600 

Camping 

140 

310 

43 

183 

Picnicking 

203 

ia  > 

34 

237 

Parking 

99 

177 

19 

118 
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(I)  Fr^->rl*i^.  ^ nrioritv  svstom  fnr  t'-  jtili7ation  of 

rosciir-O'  r : tf>-  >1.'ve  (orrent  of  npw  resource  i :■  estaMish-^d 
, t'v?‘r<',-  f r-"'re.i:  i’-'  fjt.ilifies  for  th.-  Mar. 

l-Sof,ir.i-i  i • osf  ab  I i shod  ar  (I)  f'lll  ufiln-atioo 

ro-,ourr>..  . -u,  h , i,kes.  river-,  a-ut  -,.d  local  parks 

i V f < I inH  • ( ’'' ) r^.  V'T' ! ^ f r'PV,  f rJC  i " 

+"^ey  hive  ure-^r.f>  v-  ( » i i . u ^ c \t  » . 

litie^,  iucr  a-  rvse'-v-:rs  ard  vall.'v  preserves. 

'n  adliti'n  1'  th-‘  •■stab  I i shn'ent  of  the  aba'/p  rriari-f.p-,  a 

:ricrltv  svster  i • - r I;-.ed  for  sutarev  ’’r-'  .+er-t  need  as 

' Mavs-  (!)  *h,'  . ii  - i ' a^' i tj-rtheast  "ubarea  i ' C’  ^“'ev  ' ave  qreat 

• a 1- ' '.■•>rv  f.  .'r,  ■ M ■ r;,i ! opr 'rl  u’-' i - i ■■:  : (-1  ’ ae  t acksor 

Suoarea,  si'^re  ta^  .•  d "ore  Cr»pk  r-eservoir  can  itia'v  a sulstantial 

nppds  .■■■  • ■ ipn,  t re  satisfied  in  f'p  ran-inq  p.ubarea  and 

.i--..  thi  S'll'  .re a re.  - • oav.  irpact  fr-rr  t^®  Detrni'  Metropolitan 

•tre.a-  (?)  the  .rand  -'n  ’d  - Sufarea  which  receives  verv  heavy  impact  from 


'MJ 


► « i r V» 


j -.i  *ors  .1  ••  ; He  Like  ‘-'ichioan  h m and  from  the  brand 


■ ap  i is 


an  1 (.n  ;:n-  V 

(J)  ku;  'ift’a  f f r 


t ,'t‘ntral  Subarea. 


( .1  .1  ack • ~'t  'hiPv 

.•.  i th  n i qf  ev.a.  I ' i f'  •■r  'U' 


The  Jackson  •■■t 


I,  well  endowed 


‘r'm  t-hc  iVtroi-t, 
r’  .i  1.  innim  s'.Sa'v  ar- 
I ,-^nme-’t  'f  r'-' ' r-'  i ' 

1 . 


■ . io  s'lratoaical  Iv  located  with  re<-,DPct  to 

, ..  • 4...-  ••  •'i.-hi',  in  i*  rec'''v*->5  heavy  impact 

I a roe  popul  if-  ',,  renter  . . ..ou  • or  • M.ni  ,in.  i 

-K-  ,.-d  pannlnq  Opt  rop.  I i t at  areas.  The  Petroit 

, ill'.-  short  of  Quail's  ro'"'urce  .areas  for 

• 1 1 ;por tun i t i es . 

'.•'■od-.  i’ne  Jackson  Subarea  shows  a need  in  IPdb 
f-r  |h  aar.'-s  .f  '.si'".--  ■ in-a.-*'.  seven  acres  of  camp  1 t'd . i’d  acres  of  pic- 
-f  q.  liir-  -hirn  a-d  parki-q  area,  v-  acres  for  other 
and  :<^0d  aT:-  'f  water  airface.  Meed  shown  f 'r  carpinq  is 
-nPI.  tv-wevT.  it  -1  1 t--  kopt  In  mind  th.v*.  .t:  fated  previously  in 
•nis  rep.  r'.  " ■ nee,;  ,r-'  u"tT  t.ated  ir,  this  subarea  because  of  the 
• "t/I  r I ■ t i mr.  t >1  ' ; 1 oqv  ' 1 ’^d  • 

A,-  --ndi;  : t H'.'  Mi.hiq.in  Putdoor  Recreation  PI, in.  ttio  St.ite 
plan-:,  t.n  inore.ase  the  -umber  --f  camp  sites  from  80?  to  .'TbO  in  District 
t ■■  whir'’  i r, ' I J r I- so''  founty.  bo'wepr.  and  |h7h.  One-half  of 
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tho  80?  sites  are  located  in  the  Waterloo  Recreation  Are('j  in  Jackson  I 

County.  They  plan  to  increase  parking  spaces  by  five- fold.  '*r  I 

needs  are  pr^-.batly  understated  to  a similar  extent.  1 

2^.  Priorities.  The  Sandstone  Creek  Reservoir,  I 

Site  No.  t-?,  should  be  given  high  priority  in  this  sut.'area,  :Inre  it  | 

has  exce I I e-  t potential  for  the  development  of  recreational  facilities  | 

and  since  't  is  strategically  located  v/i+h  respect  to  the  Jackso'', 

Lansing,  and  Detroit  SMSA's. 

Second  priority  should  be  given  to  the  devel  -.pment  cf  addi- 
tional camping,  picnicking,  and  parking  facilities  in  +tie  Waterloo 
Recreation  Area.  Also,  additional  putilir  access  should  be  devel  .pod 
concurrent  I V on  natural  lakes  oresenfly  without  public  access  in  this 
subarea  but  having  potential  for  additional  use. 

5^.  Plan  of  Development. 

New  Reservoirs.  The  Sandstone  Creek  Re- 
servoir would  be  located  about  I’iqht  miles  northwesf  mf  the  CPv  rf 

Jackson  and  could  serve  the  Jackson  and  Lansing  Subareas  which  h.ive  | 

severe  short.ines  of  natural  water  surface  and  recreational  faciliti-'s. 

With  easy  access  from  Interstate  Highway  94,  this  site  would  he  re.idilv 
available  to  people  in  the  Detroit  and  Ann  Arbor  Metropolitan  Area'". 

The  dam  for  fhe  Sandstone  Reservoir  would  be  located  on  S.vd- 
stone  Creek  in  Section  21,  T1S,  R7W,  just  upstream  from  the  VilLage  mf 
Tompkins  Center.  At  an  elevation  of  990  feet  mear  sea  level  (m.. 
the  surface  area  would  be  >ihout  7800  acres.  It  is  proposed  fo  stoiy 

a substantial  quantity  of  water  for  water  qualify  control  in  -this  r-  - 8 

servoir.  Therefore,  a second  dam  would  be  constructed  across  Uie  mid- 
section  of  the  impt'undment  to  provide  a stable  pool  with  abnut  7,000 

acres  of  surface  w ifer  in  the  upper  part  of  this  impoundment  '.oleh,  for  | 

recreation  and  fish  a'^d  wildlife  uses.  The  lower  part  o-f  Mii'  r('-,.erv ' ' n 
would  still  provide  great  opporfunity  t r khe  deve  I i-ipmen  t ■-.<  Oiose  a.'ti- 
vities  not  'jcriciusly  affec+ed  bv  drawdown  In  lat>'  ;mmer  ard  fall. 

The  proposed  recreation  lands  around  +h'-  reservoir  are  undulaiino 
fo  strongly  rolling  and  an'  very  well  suited  for  r’ r reaf  I " ria  I devolopme-*. 
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I^iore  ,iro  many  small  tracts  of  woodland  and  wi.lc  ‘pnr.'  r -w. 
upland  iiraas.  In  addition  tr  tfio  land'^  ro’!uirf;i*  o..  irip'ij-  <r..r 

about  '^'.tOO  icres  should  be  rirquirod  tor  d> ■'.'<=> I iipr"’--  • ‘ r-  o, ml 
f ac i I i t i es . 

This  cropost'd  r&servoir  site  will  jpu-.vrf  i '■r: -*  i ra-  -■  ' 

recreational  activities.  The  I'itate  of  "ihi  ir  j-ins'i-r.  tM  • - ’ 

one  of  the  best  potent!  il  sites  f -r  P'Crf  ati  n ;|  s-.'.  | 
southern  half  of  the  lower  peniro.la.  T(\e  l I I ' ..ith 

respect  to  large  urban  centers  and  tigt/.i'.  irt.  ri  . . *'  ■ ■ 

in  the  southeastern  par+  of  the  State  can  appro'  ■ i *■  f t r- ..r-’ iona  I 
potential . 

f X i s t i nq  Recreat  i on  Area  . ..  ..j ; | , 

camping,  picnicking,  r.  i rel.ited  facilities  '.tv  uld  b,.  d."..  ; in  n... 

Waterloo  Recreation  Arei.  However,  +n  ■.  area  pr'‘vi'".'  I■••|('  'f 

opportunity  for  the  'leV'-H'pment  rf  facilit-io'  ^ r-  v, ^ 

activities.  Accordinr;  fo  the  htate  ■-'f  Michi  ;.i:  . • f | 

being  utilized  to  their  full  lapacity,  tat  put  li'^  • • - h i, I,:  pr-  ac- 

quired or.  those  with  unused  recreati  .n  potential. 

d_.  Ar  Mint  of  I'evel  ,;  rn. I ^ i,,, . .ne  * |- 

lowing  fracilities  be  developed  in  these  lor.i+h,-  . I 

■■.jridstone  Reservoir  represen*  f-he  initiui  |e-v>|  r lv:  lidl'i  -a' 

devel  ipment  .-rould  be  idd>'d  in  later  v'-ar  . t. . '■.(..a  • , , . 

•iri  ■ . 


Resour  • 
Area 

Sands  tone 
:,ervi  • i r 

Wafer  I 'K'  Roc. 
Area 

R'ublic  Access 
on  Lakes 

Total 


.'icr^c  of  Itev.^lonoa  I a ■■.a 


Sw  i m- 

H-.  if 

' ’ amp- 

^ i ■ i t - f’  j r*-  - 

V.at.-i 

mi  r:.; 

A r r n 

i".j 

i n>!  in  a 

'^1  u r t a 1 

I.' 

lO 

('7 

; 

1 • ' 

— 

s 

I ' 

I.' 

I h 

7h 

7 ^ 

'' , ‘^iOO 

1V-4G 


1-  f’er-ent  of  Needs  r,>it  i bf  ie(| . This  level  of  devel.-r- 
ment  will  Sihtisfy  BC:  percent  of  the  swimning  needs,  'Jh  percent  '■  f t-fio 
boot  launchim  and  parkinq  needs,  and  '’0  percent  of  other  parkinc  need'. 

If  will  provide  a surplus  in  camping  and  picnickinq,  but  since  the 
Sandstone  Reserv>ir  is  located  near  the  Jackson-Lans i nq  Subarea  t.oundarv , 
and  since  opportunities  to  develop  recreational  facilities  in  the  Lansing 
.ubarea  are  v-ry  limited,  these  surpluses  can  he  utilized  to  offset  a 
p irt  of  the  needs  in  that  area. 

(b)  Lansing  Subarea.  The  Lansing  Subarea  has  only  limitod 
opportuni  t ies  for  the  development  of  major  recreation  areas.  *-'<y  h f 
the  land  has  low  reli(?f  presenting  only  limited  opportunities  f r the 
development  of  good  reservoirs.  In  planning,  cons i derat i on  should  l.e 
given  to  transferring  some  of  the  needs  to  other  subareas. 

J_.  Needs . The  Lansing  Subarea  will  have  a need  f'>r  the 
development  of  55  acres  of  swimming  beache- , 07  acres  of  boat  laun.  hing 
and  parking  area,  ZIO  acres  of  camping  areas,  198  acres  of  picni,-;  areas, 

133  acres  of  other  parking  area,  and  . I , fOO  acres  of  water  surfact  by 
|985.  Needs  for  other  activifies  are  also  presen-t,  but  they  were  not 
calculated  individually. 

T-  Priorities.  Pirst  priority  should  be  given  to  the 
completion  of  Sleepy  [l-.Mow  State  Park.  Initial  facilities  proposed 
for  this  park  are  already  included  in  programmed  supply.  Also,  pidilic 
accress  should  be  developed  on  those  lakes  tliat  can  provide  a significant 
amount  of  recreational  opportunities. 

Since  natural  feature'  that  can  supply  substantial  amount 
recreational  opportunities  are  so  limited,  second  priority  should  be 
given  to  the  development  of  three  reservoir  sites  for  recreational  de- 
v.'lopment;  they  arc,  in  orde--  of  need,  the  Doan  Creek  fite.  Site  No.  5<t, 
loratc^d  about  15  miles  southeast  of  1. inning;  the  Por'land  Site,  S|te  No.  S| 
Uing  a.tride  the  Lansing  - West  Central  Subarea  boundary  near  FV'rf|and; 
and  fk'  rjame  creek  Site,  Site  No.  180.  near  Charlotte  in  iaton  Countv. 

Third  priority  should  be  given  to  the  initiation  of  the  dc'veC';- 
men t of  the  v 1 1 I ey  preserve  system  along  the  Grand  Piver. 
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P ) .in  c~»f  !\'ve  I opment 

rxistinq  Recreition  Areas  .ind  likos.  The  ''leoDy 
tlollow  Sta^e  Park  should  tie  developed  to  its  ultimate  potential  as  soon 
as  possible.  Tnis  will  incluiie  the  construction  of  additional  campinq, 
picnickinq,  and  parkinq  facilities. 

New  Reservoirs.  The  Doan  I'reel-  Reservoir  would 
provide  recreational  opportunities  for  the  Lansinq,  Flin^,  and  Detroit 
Metropolitan  Areas.  The  reservoir  would  be  located  on  Doan  Creek,  a 
tributary  of  the  Red  Cedar  River,  about  three  miles  southeast  of  the 
City  of  Williamston  and  about  lb  miles  southeast  of  Lansiriq.  The  struc- 
ture would  be  located  in  Sections  17  and  1.9,  TTN,  R2F  in  Inq.h.im  Ccurfy. 

The  pool  would  contain  a surf. ice  area  of  2600  acres  at  .an  elevation  of 
900  feet  and  would  be  used  exclusivelv  for  recreation,  fish,  and  wildlife. 

The  lands  immedi.itely  adjacent  to  the  pivi  are  undul.itinq  to 
sicpinq  with  dominant  slopes  of  3 to  15  percent.  Lands  L.inq  beyond 
one-eiqhth  to  one-quarter  of  a mile  from  the  pool  qener.illy  have  slopes 
of  less  than  3 percent  and  are  used  intensively  for  aqriculture.  About 
7000  acres  of  land  should  be  acquired  for  the  development  rf  recreation 
facilities.  Thi_.  reservoir  would  support  a relatively  wide  ranqe  of 
recreat ion  f ac i I i t i en . 

The  Portland  Reservoir  Site,  lyinq  onlv  I R miles  northwest  of 
Lansinq  and  40  mi  I es  east  of  Grand  Rapids,  would  provi  .le  recre.it  iona I 
opportunities  to  people  in  these  metropolitan  areas.  The  structure  for 
this  reservoir  would  be  located  in  Section  3-i , TtiN,  RAW  on  the  Lookinq- 
qlass  River  about  one  mile  east  of  the  City  of  Tort  I and  in  Ionia  County. 
The  conservation  pcx' I would  contain  about  1300  acre’  , at  an  elev.it  i.t 
of  760  feet.  Thin  reservoir  w/ould  ilsn  provide  '.torane  f.-^r  ftiod  fl  . 

the  binds  .idjacent  to  the  pool  are  undul.itinq  to  ;,tronqIy  rplli-q 
with  .lopes  of  3 to  15  percent  beinq  domin.int.  Abcnil  ."'00  acre-:,  should 
be  .icquired  for  the  development  of  r.'creat  ion.i  I f.iri  lilies.  This  ro'.er- 
voir  would  :‘..ipporf  i wide  ranqe  of  recreafion.il  -ict  i v i f ies  . 

Tlie  tgo  N.ime  Reservoir  would  bf'  loc.rted  in  Te.-ti-sn  , T3k_ 
on  a smill  fribut.irv  of  tfu'  Ttiorn.apple  River  about  '.even  miles  north  of 


+he  City  of  Charlotte.  It  would  service  the  Lansinq  and  Batl le  Creek 
MetroDolitan  Areas  and  several  local  ctimmun i t ies . The  pool  would  con- 
tain about  300  acres  at  an  elevation  of  893  fee+.  It  would  be  use^i 
exclusively  for  recreation,  fish,  and  wildlife. 

The  land  adjacent  to  the  proposed  reservoir  is  undulatiriq  to 
sloping  with  slopes  of  3 to  about  10  percent.  In  addiMon  to  land  for 
the  i rnpoundmen  f , about  1200  acres  of  land  should  be  acquired  <-■  r the 
development  of  landbased  recreation  facilities.  This  reservoir  woull 
support  a general  mix  of  recreational  activities,  but  due  to  the  lir'ni,.d 
water  surf<ace  powerboat  inq  and  water  skiing  should  not  be  perr  i 1 1 .'d . 

The  va  I I ev  preserve  should  be  initiated  in  the  area  alone  *-i- p 
Gri.ind  River  unstream  from  Lansing.  This  system  should  be  exteridel  ind- 
the  City  of  Lansing  as  rapidly  as  possible  and  below  the  Citv  in  anti- 
cipation of  improvement  in  water  quality  in  the  river  for  limited  re- 
creational use. 


4 . 

Amount 

of  Development.  A 

summary  of 

proposed 

initial 

development  on  the 

three 

reserve i rs , 

S 1 eepv 

Hoi  low  State 

Park  and 

the 

valley  preserve  system  would  include 

development  of  the 

fo 1 low i nq 

1 ai'd 

areas . 

Acres  of 

Developed  Land 

Acres  of 

Resource  Area 

Sw  1 m- 
m 1 nq 

Boat 

Access 

1 nq 

Pi cn i ck“ 
i nq 

Park- 
i nq  S 

Water 
ur  f ac(' 

S 1 eepy  Mol  low 
State  Park 

4 

— 

r 

60 

17 

— 

Port  1 ind  Reservoi r 

6 

h 

40 

33 

17 

1 . 300 

Doan  Creek 
Reservoi r 

b 

4 

20 

27 

1 3 

' 

f\lo  Name  Reservoir 

3 

2 

..'0 

20 

1. 

rno 

V ills'.  rVeserve 

t V'-  + nm 

n 

4 

*of  .J  1 

20 

1 3 

|4'> 

t ^ 

1 , ;'00 
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Perct^rit  of  Neffds  Sntisfiod.  This  U'VpI  of  di'volor- 
mont  wl  I I Siitisfy  nt'out  56  percent  of  the  swimmino  in  .-d  , nbout  I '5 
cent  of  boat  launctiinc  oik!  Darkino  needs,  about  ‘f  5 cercent  of  cnripinq 
needs,  about  75  percenf  of  picnicking  needs,  about  47  perctmt  of  other 
Pfirkinq  needs,  arid  'ittout  70  percent  of  water  surface  needs,  tiowever, 

.1  siqnificatif  portion  of  ttie  needs  not  satisfied  in  Itiis  subarea  can  be 
satisfied  on  the  fiandstone  Reservoir,  on  I v 30  miles  from  Lansinq,  and 
the  Waterloo  Recreation  Area,  ir  the  Jackson  f'ub.irea.  Also,  I ’ca  I 
qovernments  ran  satisfy  a portion  of  the  unmet  need:. 

(c)  West  Ci-ntral  Rubarea.  The  West  Central  Subarea  contains 
"■any  resources  with  potent  i a!  for  development,  in<^ludinu  jdditional  recrea- 
tion reservoir  sites  and  broad  river  vall'ys. 

j_.  Mt'V'd'  ■ Ttie  needs  in  ttie  West  Central  Suliarea  aiarajrt 
to  acres  for  wimmini,  I acres  for  boat  launchinq  and  parkinq,  184 

acres  for  camplni:,  .’75  acres  for  picnickinf],  Bb  acres  for  other  parkinq, 
and  about  7,  100  icre'?  rf  water  surface  by  l‘)fl‘3.  In  addition,  th^re  .ire 
needs  for  otner  ictivities  but  they  wer  not  calculated  i nd i v i dua I I v . 

Pr  i :'r  i t i e'~  ■ First  priority  should  tie  qiven  to  pro- 
vidinq  add  i ■*  i r r.  1 1 i*.  ve  I npmen  t in  e\i  tinq  'tate  and  lOiuritv  parki..  where 
undev' I aped  I in,l,  ao-  availal'le  and  tr.  providinq  public  access  on  those 
lakes  +^>a’  hav--  ..  i qn  i f i - an  t iild  i t i > v a I potential  t r u:o  . 

aerond  pri  'rity  should  t'e  qiveri  t,.  th.-  >’i-,  t puct  I .ri  and 
development  of  Frairi  r jek  F.'e-.,  rvoir,  Rite  f>to . 4.  . A|so 
the  V 1 1 I e\  Pres.arV'.  h-m  sld  tav  I pev)  f r.  c ‘hi-.,  .ite  downstream 
to  the  junefi  ni  --.f  » p.;,;,  . p,  , j • . o,.  p,nd  ; Iver  and  a I -tu;  ttie  Tand 

River  to  ftie  loni  i ■■''•cr>  at  i- ai  Are- 1 tsa  . 'sth  lank. 

Puck  v'reek  ■■  e-v.  !••■,  . ,'h  ^ qnq  Fi  -,h  reck  Reservoir, 

if  to  Ro.  I7A,  iho;|  ‘ no  cons  i ter-' t fhr  t‘  iri  priorl'^’v'  position  for 
recreational  fauilili..-  !.  ^ai . t I r.s  no.d.  .'ll  in  ..uor.  ’'reek  beinq  con- 
j t mete  I f i rs  t . 

_5_.  r'  I a'  o , , , j ..  p a ' 

’•  i ^ ■ t i • i T’  ?*■  ^ Area''  a'  d I jl-e  . i||■•ta■  are  t Vv 

tt  ite  re  r'/atic  Yani-,-.,'  hpri'a'  -n  , .|jn  | ak>'  i”  Harr\  Countv  a'' ' 
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loni.i  Recreation  Area  near  Ionia  in  tiiis  .ubarea.  Also,  the  new  IJewayno 
State  ^ark  is  located  just  north  of  the  Basin  boundary  in  Newayqo  Cour.ty. 

All  of  them  have  potential  for  additional  development  of  recreational 
facilities  which  should  be  installed  as  soon  as  possible. 

Less  than  10  percent  of  th«‘  total  land  area  in  the  Yankee  Sprinas 
Recreation  Area  has  been  developed  for  intensive  use.  This  area  can  accom- 
modate additional  swimminq,  campina,  picnickinq,  and  related  land-basea 
act i V i t i es . 

The  Ionia  Recreation  Area,  containim  about  ''■700  acres  i-  in  the 
early  staqes  of  development.  Wti  i I e the  water  surface  is  on  I v "'b  acres, 
this  area  has  nearly  four  miles  of  frontarie  abnq  the  Grand  River.  'I'’. ere 
i-  sufficient  undeveloped  land  to  acct  "■m.'iiate  additional  picnickinq,  a'.d 
other  related  land-based  facilities.  Many  of  the  facilities  proposed  for 
this  area  hive  been  included  in  proqrammed  supply. 

The  new  Mewayqo  State  Park  on  the  Pardee  Dam  Reservoir  on  the 
t'uskeqon  River  ran  accommodate  boatinq,  fishinq,  campinq,  picnicking, 
and  other  I md-hased  activi ties.  This  area  will  total  about  000  acres 
of  land  when  it  is  completed. 

While  this  subarea  has  many  lakes  currently  without  publi;  access, 
most  ot  them  are  relatively  small  and  have  been  pre-empted  with  private 
development  which  limits  the  potential  for  development  of  public  facilities. 
However,  public  access  and  sanitary  facilities  should  bo  provided  as  a 
bare  minimum  on  those  lake:  that  have  unused  recreational  potential. 

b.  New  Reservoirs.  The  FVairie  Creek  Reserve' ir  would 
be  locate(i  about  two  miles  north  of  the  City  of  Ionia,  about  ’'■h  miles 
northwest  of  lansinq,  and  the  same  distance  east  of  Grand  Rapids.  M 
would  service  a I irqe  area  witii  limited  available  recreational  opportuni- 
ties. the  structure  for  this  reservoir  would  be  located  in  Section 
F7N,  R6W  on  Prairie  Creek  in  Ionia  County.  A+  an  elevation  o^  7'lt'  feet, 
the  conservation  pool  would  be  about  1700  acres.  This  n.’servoir  would 
a I o have  some  flood  storaqe  in  it. 

Ihe  I inds  surround  inq  this  pool  are  slopinq  t.  ■ stronuly  ’.lopinq 
with  dominant  slopes  rariqinq  from  about  4 to  I per('en+.  the  land  i: 
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-■II  .iJ.iDted  for  recrpatinndl  develooment  and  co"-,ins  a number  of 
■•‘•T.-d  .vooded  areas.  In  addition  to  the  area  r.'c:ui-ed  for  the  ir- 
..  irdmen*-,  at  least  7300  acres  of  land  should  b-  arnulred  for  the 
I •■pment  of  recreational  facilities. 

^he  structure  site  would  be  located  in  n,-.  ••  . .o  cp^, 

: I ■ni..,  county.  At  an  elevation  of  820  feet.  • n-  r I w .uid  contain 

acres  surface  water.  Other  usee  in  hhis  r,- , -vr  i r include  fish 


! .V : I dl  : 

Trie  adjat-rnf  la-n  iro  undul  itir 
■ r inainq  from  3 to  about  I."  percent. 


r I 1 1 ' 1 * h !.;m  i n int 

ucri  -f  ‘ 


r r. 
r • '! 


•V  iced  b-.r  cas-^iire  ;rr.;  farm  crons;  scatter'd  ir  is  .-f  wscdlands 
ir  rUo  nreson-.  In  iddition  ta  the  land  -->eded  f-  r -he  i mnourdmen- , 
i‘  l--i;t  7000  acres  of  land  should  te  .scauired  for  ‘c-  i,.v,,ionment  of 
' I 's  ! I f ac  i I i t i > s . 

■ ish  1.  re.'k  KvS->rvoir  is  located  jus*  • r‘n  ^ <-he  V I I I ane  of 
•u:  : T-dsoon  about  30  miles  northwest  of  Lansino  aid  ibou*  -lO  miles  east 
i-'anids.  This  r Servo!  r could  :-rovi  do  idditl.-.jl  recreational 
too  ■‘•o  these  m.j  .rpyomi  I , t _ _ _ 

The  structure  site  is  located  in  Oecfi.n  ■. 

:!'■  Toir  . flf  an  ■ l-'vatior  cf  7b0  fee+.  the  ; or  I 

''00  acr-'n  ~.f  v,ater.  I‘  .vmiM  he  used  'rr  recroatio 
The  adjacent  lands  me  undu  I iS  * i n.-a  '|,-c‘'. 

.1')  fr^m  t-r;  about  10  .-"ercer:*-.  •'lu  h of  the  adiar.-n*  |^,.d  i r-„-,v  use- 

‘■•r  r a-ure.  .vx)di  and,  and  some  farm  rrnrs.  Abo,*  ’100  acres  of  land 
‘n-uld  !•;  Muuired  for  rocn-ational  dove  I armo'- 1 :•  idd^'ic  to  ^he  r-'.  I 
ir-  I . 
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uld  cor. t.iin  about 
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!'•  * ■-•n  the  ‘ rai  r i.- 
r-'‘!  ii  I ho  r. -»rr,,  f i r^n 
V 1 1 I pro  .•TV'-  ' *■  1 
■ a 'd  into  ‘ h.T  I ,-.n  i , 
■V  'em  eyii.rulin.; 
r ’"I  : t ef  re-  T'-a  ‘ i -na 
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Amount 

of  Development 

The  fo I low 

i ng  deve I 

iopmenl 

is  suggested  for 

each  of 

the  resource  areas  proposed 

for  deve  I 

lopmenf  " 

in  this  subarea. 

Acres  of 

Deve 

loped  Land 

Acres  of 

Resource  Area 

Sw  ( m- 
mi 

Boat 

Access 

Camp- 
i nq 

Picnlck- 
I nq 

Park- 
i nq 

Wa'*er 

Surfai,'j 

Yankee  Springs 
Rec.  Area 

3 

— 

23 

20 

9 

, 

Ionia  Rec.  Area 

-- 

-- 

-- 

40 

8 

1 

Newaygo  State 
Rark 

__ 

3 

50 

I5 

3 

■ 

Pra i r ie  Creek 
Reservol r 

5 

9 

40 

27 

I 3 

l,.’00  J 

Duck  Creek 
Reservoi r 

5 

7 

33 

26 

I 1 

94P 

- 

F i sh  Creek 
Reservoi r 

5 

I8 

40 

30 

1 3 

S.’OO 

Pub  I i c Access 
on  Lakes 

— 

lO 

-- 

— 

-- 

z 

Tota  I 

I8 

47 

I 88 

I 58 

57 

5,  Mo 

Percent  of  Needs  Satisfied.  The  proposed  level  w.mjM 
satisfy  about  '36  percent  of  the  swimminq  needs,  about  “58  percent  fhe 
boat  launchinq  and  parking  needs,  about  102  percent  of  campinq  need-  , 
about  70  percent  of  picnicking  needs,  about  68  percent  of  park  inn  needs, 
and  about  72  percent  of  water  surface  needs.  A significant  portii  >■  of 
fhose  needs  not  satisfied  on  the  proposed  (ieve  I opments  could  t'e  itisfiod 
by  the  development  of  recreation  facilities  at  the  county  or  city  level. 

(d)  Grand  Rapids  Subarea.  The  Grand  Rapids  Sutvarea  contain-- 
a varied  assortment  of  resources  with  potential  for  recreation  u',(-. 

Amonq  them  are  Lake  Michigan,  together  with  several  State  parts,  luitural 
lakes,  good  reservoir  sites  and  broad  river  valleys. 

J_.  Needs . Needs  for  developed  land  in  the  Gr.ind  l-'ipid- 
Sutjare.i  amount  to  14  acres  of  swimming  beaches,  7'>  acres  of  borj-*  1 uinch  i nq 
and  parking  areas,  P8  acres  of  camping  ar-  i,  71  acres  of  parking  area,  ,nu1 
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~ 1 00  i«'res  of  water  surface  by  I9B5.  There  is  no  demcinstrated  need  for 
. ri,,'kino,  since  Kent  county  has  developed  extensive  areas  for  this 
: f I 1 *■>  . However,  come  picnic  facilities  should  be  ir  I uded  in  new 
:evelorments  to  provide  a well  ba I anced f aci  I i ty  . Aittiouqh  they  were 
ril^ulafed  i ed  i vi  dua  I I y , needs  for  other  adivitie'-  exist  in  sul.- 
' !■  f i a I quant  i t i es . 

?.  Priorities.  eirst  priority  slioi/ld  be  qiven  to 
v.orip  I e t i ;>r  of  the  deve  lopmen  f of  *he  P.  J.  Hof  fr,  isti^r  Pfate  Park  on  the 
. ike  ! ii  i ;an  shore  and  to  +tie  acquisition  of  access  sites  on  those 
n I ,in  j Irakes  that  have  potential  for  recreational  use. 

"■*  rr-'ori  ry  ch.-jld  be  giver  to  the  i r i | i i*ion  of  develop- 
^ P’P  valley  pre,erve  system  along  the  Grand  Pivcr,  upstream  from 
k i'-'-  Tills-  t-HjId  be  extended  iicf'  un-  I r'  ,im  as  need  dic- 

'a‘  V ! d>‘w"sfream  -is  m-ed  and  water  gualify  perrii  t. 

The  construction  of  two  reservoirs  should  receive  third  priority. 
• • •.  r.;  rtie  Rogue  River  Site,  Site  No.  I9A,  and  ■■  and  Greek  Sit.-, 

■ te  r-'.  74. 

Proposed  Pevelopment. 

J_.  Txistina  Recreatir-i  hrea-  and  Lu-t"  . The 
. P.  Hoffmaster  State  Park  can  support  expanded  development  ir  addition 
thaf  -ilr.vidy  included  in  proci rammed  supply.  T;;i>r.-''f ore , expansion 
of  recreation  facilities  in  this  park  area  shoul  ! .'ona  i ''ut'  until  its 
full  .'cfential  is  reachtui.  Tills  area  Ctin  provid.o  i.jvlili'ral  oppi'riunifie'- 
f-T  p.-M  mm  i n I ; , picnicking,  and  other  related  b5nd-t\i  ■ 1 ir'*ivl‘ie.. 

''ubiic  access  sites  ah  u I d be  developed  r • all  I ik.'  w'-.  r,  u,-p  <.-i,  ■ : I i t i r... 
■T- ■ not  now  avail-itle  arid  whore  -a  s i gn  1 f i , i-’t  amou.- t ' : itifu!  ar  d 
‘i Shinn  opportunities  can  be  ob*  rined. 

b.  Valley  Preserve'-.  '•  valle.  :-ri",erve  -y.t.'r 
■ ii  aid  b‘>  initiated  and  developed  upstream  from  -Tand  Panid-i.  '‘.i' 

.--r.-ni  oh-.iiM  be  extended  into  tf.e  urban  irt'n  ,r,  far  -a  - i<.  pr-art  i r-il  . 
i’  firot  phase  of  this  program  should  conMnue  ur-.'rean  f -r  .i  di  trice 

f H I'-i  I 10  miles.  Wf-en  the  Roque  River  f''^'•,.erv(l  i r i . buil‘,  the 
ill-',  preserve  system  should  I'e  exferaded  frir>  H.c  '.r-ar’d  '-iver  \ a II  ey 
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up  the  Rogue  River  to  the  recreation  irea  on  this  reservoir.  A volley 
preserve  system  in  this  area  could  provide  opportunities  for  SAimminq, 
boating,  camping,  picnicking,  and  other  t-jnd-based  activities.  If 
swimminq  facilities  cannot  be  developed  along  the  river  banks,  such 
facilities  ran  be  dev.^looed  adiace'’,t  to  the  stream.  Boatinn  opportuni- 
ties cculd  be  increased  by  the  construction  of  low  head  dams  where 
consistent  with  the  salmon  prcnram  of  the  'lichiqan  neoartment  of  Natural 
Resources . 

New  Reservoirs.  The  A.^nd  Creek  Reservoir 
would  be  located  ihou^  lix  rile"  west  -f  t*  Tit/  c.f  Grand  Rapids.  I' 
would  servi'O  the  ' trand  Rapids  itetropnlit  m Area  and  would  provider  a 
full  ran.ie  ct  recreational  activltie;-. 

The  structure  this  reservoir  w.mjM  he  located  in  Section  ?2, 
T7N,  RI'’W,  on  Sand  Creel>  in  'Htawa  County.  At  an  elevation  660  fee+,  the 
pool  would  C''ntain  about  I47n  acres.  It  .vt^uld  be  user!  for  recre.it  i on . 
fish  and  w i M I i f 

The  land  around  thin  proposed  rd'-f'  Is  sli.pir,q  to  strongly  r.  Mint) 
with  dominant  s I ipoes  ranging  fr^m  4 to  ibout  I."  percent,  t.  ..  lar.ri  is  well 
adapted  for  recreational  development,  ‘'uch  of  it  1^  it,  p,isture  with  small 
areas  of  interspersed  woodlands.  In  addition  *:■  land  for  the  impoundment, 
about  4000  an  rn- - of  |,ind  should  be  acquire  i ^ ;r  the  development  of  re- 
creation are,'. 

The  P-aue  River  site  would  he  loca*'ad  about  three  nd  le-.  northwest 
of  the  City  ef  l-voct'ford  and  about  ten  mi  !•  nerth  ft  hrand  Rapids.  It 
would  servi  e the  .-.r.and  ‘-apids  and  ’'uske.K'-  “e1  rope  I i tan  arr.as  as  well 
as  numerous  '.miller  t ies . l*  couln  "rovitle  a full  ranne  of  re- 

c reat i ona I an  t i v i t i tr  . 

The  .structure  for  ft\  i s reservoir  w -jld  t'o  loca*ed  in  Sections  22 
and  23,  T9N,  R1!W  on  th*-  Rocuie  ''iver  in  Ker  ‘ ,■•  ‘v . At  an  elevation  of 

736  feet,  the  pi'ol  would  contain  about  3300  .acres.  It  would  tie  used  for 
recreation,  fish  and  wildlife. 

The  hind  around  this  site  is  undul.T'-’g  to  roll  inn  with  dominant 
slopes  r.anqing  from  4 to  at- lut  10  percent . i * is  well  .'id.ipted  tor  recrea- 
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tion.il  I i-omf'n  t . At  tt  ■ rr--‘..'nt  time,  wont  •'  't  i >5  in  posturo  with 

sene  wocdlond,  al'hcU'Ki  -'n-  --f  it  is  cropped  .c  i .rn,-  i idle.  In 
addition  tc  th<=  1 vnd  for  '!<•  r-=‘'ervo'r,  about  AhCi'  nrc"-  of  land  should 
tie  lO-i'Mred  for  the  r--r‘i  0 nren. 

A.  An'U’i"'  of  Pevelopnont.  Thi  * II  ■■•jim  development 
is  suuor'S'^ed  for  each  nf  tt-  rosourci'  .sre.T'  rr'P“s-d  d‘-ve  I onnn'nt  in 

•■fi  i L fit  nr.-;. 
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j_.  Needs . Needs  for  acres  of  developed  land  in  tho 
Northeast  Subarea  amount  to  45  acres  of  swimming  beach,  72  acres  of 
boat  launching  and  parking,  IBS  acres  of  camping,  2S7  acres  of  picnick- 
ing, about  16,600  acres  of  water  surface,  and  118  acres  of  parking  by 
1035.  There  also  is  a need  for  facilities  for  hiking,  nature  walks, 
and  other  activities,  but  they  were  not  calculated  individually. 

Priorities . First  priority  should  be  given  to 
the  acquisition  and  development  of  Dublic  access  on  existing  water  sur- 
face areas,  if  they  can  support  a significant  amount  of  recreational 
usage. 

Second  priority  should  be  given  to  the  constructioii  of  the 
Lookingglass  Site,  Site  No.  148;  the  Grub  Creek  Site,  Site  No.  149; 
and  the  Bear  Creek  Site,  Site  No.  109. 

Third  priority  should  be  given  to  meeting  some  of  the  needs  of 
this  subarea  in  adjacent  areas  where  there  is  substantially  greater 
opportunity  for  the  development  of  recreational  facilities. 

Proposed  Development. 

£.  Existing  Lakes.  Public  access  sites  should 
be  acquired  and  developed  on  existing  lakes  to  the  limit  that  the  few 
lakes  in  this  subarea  can  support  additional  recreational  activities. 

New  Reservoirs.  The  Lookingglass  and  Grub 
Creek  Sites  are  located  about  three  miles  southeast  of  the  Village 
of  ■'•'orrice  and  about  22  miles  east  of  Lansing.  They  would  service  the 
Lansing  and  Flint  '-letropol  i tan  Areas  and  many  smalL  r ccmmijn  i i i .-y.  iy 
the  immediate  vicinity. 

The  structure  for  the  Lookingglass  Reservoir  we.jld  be  located 
on  the  headwaters  of  the  Lookingglass  River  in  the  tiorthern  part  ^f 
Sections  20  and  21,  T5N,  R5E , in  Shiawassee  County.  At  an  .levation 
of  870  feet,  this  structure  w-iuld  create  a pool  of  4 a.T  at'rns  ,'f  wa'*er. 
These  reservoirs  would  be  used  for  recreation,  fish  ant  wildlif'.-. 

The  land  in  the  vi-'initv  of  +he'_  e +wo  strurtgren  vari.-  from 
undulating  to  strongly  rolling  with  slopes  ranging  < r tt'  more  ttian 

|h  perrent.  It  has  substantial  aesthetic  gu.ilities  for  re.- pt  a * i . 1 1 
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rfevelopmer+.  in  addition  to  the  need  for  the  reservoirs,  a+  least 
JOGO  acres  of  land  should  be  acauired  for  fhe  devel.'; '-cent  of  recrea- 
M ona I faci  I Ities.  '’'he  land  between  the  tw^'  impcr^  Jn.onf  areas  should 
be  acquired  to  tie  therr,  tooether  into  a common  recreation  facility. 

The  [tear  Creek  site  would  be  located  abou*^  7 mile's  west  of 
the  Lity  of  '\/05S0  and  about  P miles  northeast  of  t^>e  Lansinq  ‘‘etro- 
Pt  li+an  Ar-ea.  If  would  s.-rvice  the  Lansinq  VetroDc I i tan  Area  and  many 
smaller  communities  in  the  immediate  area. 

Thi  structure  would  be  located  in  Section  , T7'J,  PIE,  on 
Fv^ar  Crofi-.,  a small  fributarv  of  the  I'aple  River  in  Shiawassee  County. 

The  Dool  would  contain  about  730  acres  of  water.  The  area  would  be 
used  for  recreation,  fish  and  wildlife. 

The  land  around  the  impoundment  is  rollinq  to  stronqly  rollinq 
nd  is  well  adapted  for  development  of  recreational  facilities.  About 
I TOO  acres  should  be  acauired  for  the  development  of  the  recreation  area. 

T_.  Amount  of  Peve I opmen~*~ . The  followinq  develop- 
ment is  proposed  for  e.ach  of  the  resource  areas  considered  in  this 
subarea.  Except  for  the  water  surface,  the  initial  level  of  development 
on  the  proposed  reservoir  sifes  is  approximately  one-third  of  their 
maximum  potential. 
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of  camping  needs,  about  23  percent  of  pi-n irking  needs,  about  20  per- 
cent of  parking  needs,  and  about  '•  perren’  . f .-.ater  surface  needs. 
Many  of  the  unmet  needs  will  have  to  be  saii^fied  in  areas  outside 
of  this  subarea. 

( f 1 Basin  Summary  of  Satisfied  Meeds.  Total  needs 
for  developed  land  in  the  Basin  amount  I acres  f 'r  swlmmino, 

55b  acres  for  t;oal  launchino  and  parkir.  ■,  582  acres  for  camping, 

577  acres  for  picnicking,  447  acres  for  parking,  and  5'  ,000  acres 
of  water  surface.  Of  this  total  need,  the  fcllov.'t^g  amrun+s  are 
proposed  for  d*  vc' lopment  in  ti  is  plan. 


Acres  of 

Deve lo: 

;ed  Land 

Acres  of 

S w i m- 

Boat 

Camp- 

Pi cn i - 

t'ark- 
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m i ng 

Access 

1 nt-; 

i n 1 
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15 
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bans i ng 
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West  Central 
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70 
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— 

— 

— 
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Total 

1 10 

485 

498 

23,250 

The  developmen*-  -t  these  facilities  '.vn;ld  provide  for  at'out 
p9  perucn:  of  al!  swimming  needs,  30  percent  of  ill  ticaf  launchino  .vid 
parking  need<--,  ab'-.jt  7|  percent  of  all  can'pinr;  -veds , about  73  percent 
of  all  picnicking  '.bout  hf  p.-r’^ent  of  nil  par'rina  needs,  .'vd 

about  42  percent  cf  ill  w.a‘er  surface  needs.  The  unr-t  swlmmina  n.^eds 
do  not  include  the  33  percent  r f to-r,!!  i — inn  need  ell  -ated  to  bn 

satisfied  in  swimrina  pools,  bomn  of  t(-.e  unmet  &w’m.ri"a,  campii  :,  and 
picnickin'')  needs  could  be  satisfied  t , th  • 'S'vi • 1 r-pmenf  of  additional 
ta<-ilities  for  the-.--  i<iivifie,  by  I '.'tl  uiii's  tuf  . i.  v t' tr'er- ! -r  by  th.. 
private  sector. 


units  of 
cent  i nu. 


( 3 ) 5 rji-pp.m-'-tirv  'n-i  .ierations  . 

(,-i)  is-  |..  of  fi-ical  :~.Qverpm.  n * . As  i'  is.  : as  ‘ , local 
O*'  vnrnr'.,*ri  t — c : j.'i  t'  i . ■ . , * ■:  "..j 1 1 i P , i n.f  r i * i es  — will  net  * t t o 


th.  i r r, 'I. 


'+  pr.svi  lirif]  I ’ii|hs  1 in  ‘ ' 1 1 


p.  - r t I . y'*  f hf  total 
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needs  for  development  of  recreational  facilities.  Local  qoverr.rrjents 
should  assume  much  of  the  responsibility  for  ttie  development  of  the 
valley  preserve  system  and  of  recreational  facilities  on  existinq  lakes. 

In  addition  to  this  role,  they  should  develop  the  ''■O'-essary  facilities 
to  satisfy  the  unmet  needs  remaininq  from  the  Basin  Plan  exceot  for 
water  surface  area.  The  cost  of  developinq  water  surface  area  norma  I I . 
would  be  beyond  the  capacity  of  local  qovernmental  '’'sifipg, 

(b)  Pole  of  the  Private  Sector.  The  rrivate  sector 
should  be  strongly  encouraged  to  provide  facilities  to  meet  some  of  t''e 
additional  needs  also.  At  the  time  of  the  inventor/  cf  existing  C’— 
creational  facilities,  the  private  sector  was  providing  nearly  TO  pet — 
cent  of  all  camping  spaces  in  the  e I even-countv  area.  If  also  provides 
a sm.il  I but  unknown  arruaunt  of  swimming  and  picnicking  facilifies. 

The  private  sector  can  be  expected  to  provide  recreational 
opportunities  and  facilifie;  only  where  the  ecr.nomic  return  justifies 
ttio  risk  of  the  investment.  The  private  sector  should  be  encouraged 
*■  -ntinue  to  supply  camping,  swimming,  picnicking,  and  related  op- 
P'rtijniSes  for  the  public.  It  is  believed  thal  many  penpL-  w'uld  pay 
a reason.aPle  foe  to  sw  i n in  natural  l akes  wiiore  good  t'eaches  had  been 
developed  and  where  water  quality  was  acceptable.  Picnic  fa'  Ilit'es 
•ari  readily  be  provided  at  a nominal  cost  in  association  with  swimmimi 
f i I i t i es . Those  wh'  own  suitable  lands  on  private  lakes  ‘'TiO'ild  be 
•encouraged  to  develop  them  for  public  use. 

Another  area  where  the  private  investor  can  function  effectively 
is  the  construction  -ind  management  of  boat  marina-:.  If  private  invesfor'- 
■ an  b'.’  encour.igi-'d  to  function  i r,  fhese  area",  more  public  fund-  will  bc" 
available  for  the  development  of  those  recreational  firilities  1h.)t  di' 
r.)f  attract  +ho  priv.ite  investor. 

(c)  Pri/S'/rva  t i on  of  Oufstand i n-i  Re:'.»  urr e-  . I and  adjacen  * 
ti-:  rivers  and  stream',  often  Include^  import, in*  plant  ,ind  animal  rommu"i*i. 

‘rurturo'.  of  h i , tor  i ''.i  I importance^  ind  feature'  of  tpenc  actual  ;',r  p"- 
ten*-i.il  lesthefic  .ippeil.  I ndiscrimlna+e  or  unpl  mned  dev  - 1 opmc>n  t ,-f 
Ifie.e  l.ind'.  miy  imperil  imporf.int  -ind  ■omotimp>;  I rre;- I cv 'e.ali  I r-  natural 
in  I 'ultur  il  re  .nuri'os  worthy  of  preservat  ion . 
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A ^Uulv  by  the  National  Park  rervlce  rr-v<'aleh  tt^p  Dre^'-"'<  ■ -f 
numerous  arctieol  gical  sites  alonn  the  Onv  :-iver  .':f  ! i -*  s :rit  . 

Although  funds  are  not  now  available  to  p-^rmi  t i nvest  i oat  i on  t.  f r r- 
than  a sm  1 1 I fraction  of  +he  sites,  i i in  the  public  i n feres  ■ : 

a significant  and  representative  '.ample  "f  t--'  sites  be  pres*  rv  ■ : i- 

eventually  investigated. 

Althoun:  the  National  Parf  Service  study  did  not  identify  ar,. 

unique  plant  or  animal  acmmiinities  or  'th-r  natural  or  cul ‘'ur.il  rr  -urce 
it  is  noneilu  less  true  that  the  river  an-.i  .trear  vallevt  vsitf.in  ‘f..  . .,n 

River  basin  suoprrt  -i  rich  and  varied  .'.ildrfe  porulati.  n .vnhm  ■ r - 
domi  nan  1 1 y wooded  set  t i net . 

The  prrt.acti  nn  arid  nrosorv.T  I • s-  ■•f  th-' 'c  res^-Hircf-'  iepm g 

timely  i mp  1 emertn '■  i on  of  t' . vail--,  p-'-r ro.  om-'ended  t t‘  ' 

necroc'iti  on.  1 i ivsr  . T' 


UP 


Wild,  con  i c,  an 


rc  are 

no  rivers  in  the  Basin  whi.'h  tiavo  t>e"n  re<  .-001. -ndpd  as  wild,  seem  .t 
recrnationil  riv^r-..  However,  (eldw  .ti-r  ' Ivi^r,  a rihut.ir  f -h 

Thornapple  Rive-r,  i-  not--- I rhioM.  f r it:  'le.;r..  s Id  w.iters  n;:;l'nn 
over  beds  of  gravel,  its  woonor!  stream  t'ar.t  , and  rolling  hills  - nm<’ 
wooded  - risinn  to  the  north  r d ntth.  ih  I w.t  part  rf  the  ‘ I it 
River  also  flow,  throunh  ■ ''m--  v-ry  s ■?'il  I ands-rai'- ‘ . While  thoee- 


do  not  possess  the  unuaial  et  , n-ar  ter  i st  r 
tional  river  1-,  national  .t.-'liri  , th- y 
need  to  be  .op.itored  f sr  pn  ■■  ■' rva  I i ■ I' 


■ f i W ill.  S'  "lii  S'  . 
av  • •■■or  t a i e ;n  1 I i ' i ' 
th<  • a t 1 1 • ■ for  I or.  1 1 


National  ind  T'.ite  1 rails . it.- 


rour.tr- 


Tr.'ii  I Is  proposed  to  cro' ‘tf-  .Sn-.i  Riv  o b 'sir.  Hon.-;  tn.,  t ... 
shore  in  western  if+awi  f.ount',- . An  .iltern.itt-  routii  ; r.'-'po-':  f 1 
passes  north  .i- i soijfh  ft-.p-u'i!  th.  tor-  : trtn  -f  .1  i.-l-  ‘ 

Counties  and  Hie  central  n.irt  . ‘ ''.h‘  iw  i . .^e  iour.‘,'.  A I*..-  v.il 

servo  concep  t i s .'n v i s I "n’. ■ .1 , 1 son t i ■ ui ni  . r 1 1 I - . . ■ . 1 . - . . . I . . 

from  tl.o  haMdstoi'o  ■•r.-.-l-  ■■  • ry.  ir.  • t*'  «•'  t ‘ ' s'f  s,  — . W - : 

River  Valley  I it',  ronf  I ueiu'.  ■ w i t ti  111-,  "i  hi  la"  . T t'  i * i .1  i I 

connected  with  'hi.  al  t'T'n.ite  nui*.-  f t‘..  r 'un  rv  .r  HI  i 


im 

r. 


1 

I 

i 

I 

I 

i 

i 
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I t '1-  r . f'ljrrtv  when  i'h.il’  one  is  cnrr.rleted.  If  +hi'.  fr.ill  were  confer  ti'd 
wit’  .'‘r-if  throuqh  the  Huron  River  Vulloy,  It  .v-uM  nrovide  nr.  excel  * 
-'.jtate  trail,  either  connection  or  passion  nonv  of  the  principal 
i.Tal  <ri  C60 fers  of  the  State. 

(J)  The  Hole  of  Aesthetics.  Site  piano  inn  on  each  f tn,. 

PI  ! recreation  are.as  should  be  accomp  I ish>-ri  ir  a tnao''er  to  pre'^.">rve 

a-  r'l,  -f  the  oatur.ll  beaut<y  of  the  recce. vtion  area  a-'  possible,  ‘'iore 
i areas  are  I irii  tod  in  extent,  they  should  be  protected  free  exce.,- 
i\'-'  ’raffic.  I ’I  tensive  use  .are<as  should  be  lnc,a+ed  sarve  di'.  + .ance  fror 
•r.i  ;ii-  areas  of  bioloqical  life.  'Where  .areas  arc  deficient  in  shade, 

•r-'-  • 'uid  t)0  planted.  H nener.al,  .inv  reasonat  !•'  mea’-ure  fnat  will 

; r.  t-.."*-  or  enhance  the  aesttietic  qualities  of  rncrc.a-^  i ixm  I areas  s.hou  I d 

(e)  Alternatives  Outside  of  the  I- min,  ■’any  re  crea  I I on-i  I 
01. 1 t i (s  have  been  developed  on  lakes  and  rivers  to  the  north  of  +‘'e 
iv-  r bisin.  However,  over  ttte  last  few  '.'•'.ar'"  , nanv  o*'  ttiese  fari- 
lili  ■ t ive  beer,  crowded  t>evond  their  e.np,^ri1y_  . ■'ll.'  fer  can:  i nq 

ml  P-ifinij.  Add  i t ion.--)  I water  surfeice  could  he  m id.-,  avail.able  on  s.om,. 

. f tr.e...  lates  nri'sently  withoijf  put'lic  acres''.  Opporf  un  i * i es  for  canpino, 
pi’''i  ■ in.;,  hiMr.q,  ,irul  r.'lated  I in..1-L  ,isi"d  activities  cou  I d be  deve'-nped 

i I it’  iii'l  ttational  forests,  t'ut  most  of  then  have  onlv  I i^ated  wat.’-r 
.airfat.  -.  Hcw."‘Ver,  the  potential  of  eacti  of  them  ’.hoiild  !e  ."levelope.l 
f ■'  if  ell  cap.‘.H'ity  as  need  ari  .os  wlthifi  the  .are.'i  or  i*"  uns.'jt  i-  f led 
f'  -ii”  trmsferred  frf>fii  overcrowded  are.r,. 

-...  r . ’.1  f i t'n.i  I f.ialifis’s  to  the  souff!  and  o.i'j  I .’tre  a I r.-Mdv  u-ej 
; ■ ■ . • ‘ i’>..ir  .'.ipacify.  There  appeal’s  fo  be  little  or  n.’'  opportunify  to 
■ ■ : 'rfl  'i  f fhe  '.r.ind  River  tsr.ii.  r.e...!-  i ri  this  a.'!,.  r,i  I dirt'ctio-. 

f’.e  lal-e  I'ifhiqan  shore  pre'.enta  .’X'”.''llent  I u'  i f i es  for  the 

' '■■I  ,'f  svinminq.  imp  i rsa  , p i cn  i rk  i • o , tr.iil-  , a",  t ■-'I'l.r  r.^l.it.sl 

,i  ‘ s ' i . . 'l■■.•..■•Vl'^,  ..xcept  for  ttie  i raivi  l-.ipid  . :'.iit  irea,  thi>  n • our.  • 

i too  fir  remov'd  from  tt;.-  '.uihareas  to  serve  d.av-ii  ■ q.ed.  effectiv'  Iv. 
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In  addition,  mucii  of  the  Lake  Michigan  shoreline  is  pr  ivately  ownec  iri 
small  parcels  as  residential  property,  especially  in  the  southern  part 
of  the  State;  thus,  the  acquisition  and  development  of  this  resource  is 
costly  and  limited.  This  resource  base  serves  large  quantities  of  week- 
end and  vacation  users  who  come  into  the  area  from  the  east  and  i,..'’.th. 

(f)  Supporting  Programs.  There  is  no  single  solution  that 
will  relieve  the  water  shortage  during  the  recreation  season.  AM  "r-d:. 
that  might  make  more  water  and  other  facilities  available  should  bo 
explored  and  included  in  a recreation  *p  I an . A number  of  measures  arc- 
available  to  support  and  sti*engthen  the  carrying  capacity  of  oxistin-;  dod. 
new  facilities.  These  measures  include  both  physical  and  regulatory 
practices  which,  if  applied  vigorously  to  protect  and  i rr.jrovcu  water  quality, 
would  increase  the  efficiency  of  the  use  of  water  resources.  Such  riea- ur*--' 
should  be  established  by  the.  proper  governmental  entity  where  they  are 
feasible,  and  they  should  be  administered  unequ  i 'voca  II  y to  prevent  develop- 
ment which  would  impair  the  aesthetic  and  recreational  values  of  rtreai^is 
and  lakes. 

J_.  Water  Quality  Control.-  The  effectiveness;  of  ar  v 
recreation  plan  is  directly  tied  into  the  quality  of  wat(;r  avaikatle  for 
use.  Any  area  of  water  lost  through  pollution  reduces  the  suppl-v  bv  it. at 
amount  and  increases  the  pressures  for  use  on  an  already  deficient  supply  of 
recreational  faci  lilies.  Water  can  not  be  considered  available  for  recre- 
ation use  unless  it  is  of  suitable  quality.  Minimum  quality  .stand  ir*J, 
permit  partial  body  contact,  but  the  goal  should  be  a quality  of  w tti-r  tf’ if 
will  permit  whole  body  contact.  There  are  two  independent  quail  ties  whirti 
must  be  assumed  in  recreation  waters:  the  absence  of  health  h.idarir,  and 

desirable  aesthetic  qualities. 

Pollution  can  affect  recreation  activities  in  sever. I'l  ways.  wi:"-.(' 
jnd  w.iter  skiers  coming  in  direct  contact 'with  the  w.iter  are  subject  to 
illnesses  caused  by  pathojenir.  ornanisms  from  human  wastes.  lurbldifv  c.au  ;e  i 
by  sediments  or  .ilgal  growth  increases  risks  to  swimming  by  redurin; 
visibility  under  water.  Contact  with  or  ingestion  of  chor-ical  w-sfe-,, 
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pestIcideG,  and  similar  products  can  cause  serious  injury  to  swimmers 
and  others  in  such  waters.  The  boater's  primary  concern  is  physical 
damage  to  equipm.ent  by  floating  debris  or  chemical  wastes. 

All  water-dependent  and  water-enhanced  activities  are  adversely 
affected  by  visible  floating,  suspended,  or  settled  solids  arising  from 
the  disposal  of  sewaqe  or  garbage;  sludge  banks;  slime  infestations;  heavy 
growths  of  attached  plants  or  animals;  blooms  of  high  concentration  of 
plankton;  discoloration  or  excessive  turbidity  from  sewage,  industrial  wastes, 
or  even  natural  sources;  the  evolution  of  dissolved  gases,  especially  hydrogen 
Sulphide;  visible  oil  or  orease,  including  emulsions;  surfactants  that 
foam  wnen  water  is  agitated  or  aerated;  and  excessive  tom.peratures  that 
cause  high  rates  of  evaporation  and  cloudiness  over  the  water. 

Recreation  is  adversely  affected  by  all  improperly  treated 
municipal  and  industrial  wastes.  Waters  returned  to  streams  or  lakes 
from  sewage  treatment  plants  usually  contain  pathogenic  organisms  and/or 
other  polluting  materials.  In  addition,  waste-waters  commonly  have 
offensive  odors,  tastes,  or  turbidity,  which  limit  the  aesthetic  value 
as  well  as  the  direct  uses  of  water.  Solid  wastes  are  often  discarded  or 
stored  in  any  place  where  they  can  degrade  water. 

Many  private  residences  are  located  on  or  near  the  shores  of 
lakes  ana  banks  of  streams  in  the  Basin,  "ost  of  them  are  served  with 
individual,  inefficient  sewaqe  treatment  systems  that  permit  sewage  wastes 
to  seep  into  adjacent  waters.  Such  pollutants  commonly  enter  waters  used 
for  recreation  or  having  potential  for  recreational  use  and  degrade  them 
be  I ow  safe  limits. 

Agriculture  is  responsible  for  several  types  of  pollutants  such  as 
sediments  resulting  from  soil  erosion,  resiaues  from  pesticides,  and  the 
leaching  of  nutrients  from  animal  wastes  and  soils.  Sedimentation  commcinlv 
reduces  the  quality  of  water  both  physically  and  chemically.  Land  is  often 
put  to  those  uses  for  which  it  is  not  well  adapted;  frequently  land  and 
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water  conservation  practices  are  not  ailoauate I y ana  properly  nppli- 

The  control  of  residues  from  pesticides  and  leacfiinu  fd  ' . + r 
frofr  animal  wastes  and  soils  presents  an  unsolved  problem,  a papi  ‘ 
acceleration  in  research  is  needed  to  solve  these  problems  before  tt  • 
become  insurmountable. 

The  construction  industry  permits  substantial  auaniitie>:  of 
soil  sediments  to  enter  water  courses  near  construction  areris.  Tfi*-y 
make  little  effort  to  apply  proven  control  "’oasures  to  reduce  this 
of  sediments  to  a rrinimum.  They  have  'aile-t  to  cooperate  in  ev.-'ivir: 
new  techniques  to  control  this  source  of  pollutants  tnore  ef f ert i ve I . 

2.  Zoninc.  Zoninq  con  be  an  ef'^ective  tool  w’ • ■ if 
is  appropriately  and  impartial Iv  appli-".  "wo  types  of  ronin:  m • li- 
able: (I)  zoning  of  land  use,  and  (2)  tir.-  .-or'in-:. 

Zoninq  of  land  use  is  designed  to  >.  ntrol  uses  to  whi.  h I.;p! 
be  put.  Intensive  development  of  cottaqes  and  resMencem  along  ■ ' ••  :m' 
and  lakes  commonly  causes  a severe  deterirr.jl  ion  of  wafer  du..li1y.  e. 
proper  application  of  zoning  has  not  been  used  to  control  the  '.'i  -n  ■ ■ 

development  on  and  near  the  shorelines,  ('.omp  I ’'mentary  regulation'  . . ’ 

as  controls  on  the  use  of  septic  tanks,  sub.ivision  requ I at  ions , jr  ; h.iuu 
codes,  controlling  the  disposal  of  waste  water  have  been  little  u-.t'd  1-7 
the  appropr  iate  agency  to  protect  the  qucality  of  water. 

All  too  fre<iuently  there  is  a pressure  by  private  individual  , 
groups,  or  institutions  to  develop  flood  pi  iins  for  residentl I , rormer  i 
or  industrial  uses  and  then  to  requesf  protection  of  such  inve-, t wit 
expensive  dams  and  channel  i rnprovemonts  built  hv  the  government.  Ih>-  .■  -r 
of  flood  plains  for  recreational  .rnd  olher  comp.ifible  use'-,  -.ub  jet  t fo  nl 
limited  or  no  damage  by  flooding  is  an  alternafiv'-  to  urban  devc  lop'"'  nf . 
Many  recreational  facilities  are  not  suL' lect  to  intensive  dan  i:e  'r'V- 
flooding.  fhe  State  of  Wisconsin  has  enactel  li."7i  I ition  that  reaui' 
counties  to  establish  land  use  control'--  on  tiood  plains  and  lake  fr.’'  t-fs 
The  State  will  establish  such  control'*,  for  those  counties  th  .f  t-ail  t. 
spend  within  a aiven  tine  period.  >uch  le-:i  -lalirn  in  thi.,  t it,  uh: 
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control  undesirable  development  on  flood  plains  and  lake  shores  and  would 
permit  the  effective  development  of  a large  recreational  complex  extending 
along  the  Grand  River  Valley  as  the  needs  for  recreation  increase  through 
coming  decades. 

Time  zoning  is  the  establishment  of  regulations  to  control  the 
time  of  day  that  recreators  can  participate  in  certain  water-based  activities, 
sucfi  as  water  skiing.  Such  measures  are  useful  to  reduce  or  eliminate  con- 
flict among  various  uses  and  tend  to  increase  the  tofal  opportunity  for 

participation  in  recreation  activities  on  a given  area  of  water. 

5.  Water  Re-use.  If  it  is  properly  treated,  water  can  t:o 
used  over  and  over  again  by  industries  and  municipalities.  Careful  account! nc 
of  water  usage  should  be  maintained  to  ensure  optimum  availability  of  fresh 
water  in  surface  and  ground  water  supplies. 

(4)  Scale  of  Development.  The  scale  of  recreation  development 
set  forth  on  reservoir  sites  in  the  Plan  of  Development  represents  approxi- 
mately one-third  of  the  ultimate  capacity  of  these  facilities.  The  develop- 
ment of  additional  recreational  facilities  in  post- 1*^85  'would  satisfy  a 
substantial  part  of  additional  needs  as  they  arise. 

On  existing  State  Parks,  the  scale  of  development  is  designed  to 
bring  these  facilities  to  their  ultimate  capacity  ns  now  planned  by  the 
-fate  of  Michigan. 

Where  public  accesses  are  developed  on  natural  lakes,  they  could 
bo  expected  to  reach  their  safe  ultimate  capacity  for  water-based  artivifii'. 
with  in  a few  years. 

The  development  proposed  on  the  valley  preserve  '..vster  would  ri'preserif 
only  i sr..)l  I beginning  of  the  u If  i mate  potential  of  a ba':.  i n-w  i do  syste-’ . Ihi'. 
■-,y  fern  like  the  proposed  reservoirs  could  satisfy  varf  ar;ount  of  racrrat  i un 
needs  in  the  post- 1 985  period. 

Table  TV-13  shows  the  inifial  and  ultirt'aft-  level  , ,'f  vi'itatim  ft,  >t 
cou  I 1 ht?  expected  on  tfiese  proposed  recroifion  d<'Vi>  I .ip"  .-nl  ■ , ti>r  f ■ "i'lht 
artivifios  u^ed  in  thi'.  --.tudy. 
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Table  IV-13 

Levels  of  Initial  and  Ultlrriate  Visitation 


Proposed  Recreation 
Deve lopment 


Reservoir  Visitafion  in  Recreation  Lav 
Number  Initial  (1985)  Ullimate 


Roque  River 

I9A 

286,000 

1 ,669,000 

Duck  Creek 

?5 

287,000 

746,000 

Pra i r i e Creek 

42 

302,000 

912,000 

Fish  Creek 

47A 

340,000 

1 , 159,000 

Port  1 and 

51 

356,000 

1,121 ,000 

Doan  Creek 

59 

291 ,000 

88^,000 

Sandstone  Creek 

62 

886,000 

2,275,000 

Sand  Creek 

74 

339,000 

1 ,209,000 

Bear  Creek 

109 

191  ,000 

456,000 

Look ingg lass  and 

148  and 

369,000 

1,107,000 

Grub  Creek 

149 

No  Name  Creek 

180 

245,000 

596,000 

Subtota 1 

3,892,000 

1 

Hoffmaster  State  Park 

566,000 

Ionia  Recreation  Area 

15^,000 

Newaygo  State  Park 

165,000 

S 1 eepy  Ho  1 1 ow 

346,000 

Waterloo  Recreation  Area 

51 ,000 

Yankee  Springs 

190,000 

Lake  Access,  West  Central 

92,000 

Subarea 

Lake  Access,  Grar.d  Rapids 

92,000 

Subarea 

Subtota 1 

1 ,655,000 

Valley  Preserve  (Grand 

177,000 

87'.  ,000 

Rapids) 

Valley  Preserve  (Lansing) 

37,000 

.'10,000 

Subtota I 


214,000 
/I  I ,000 
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I 5/  , 000 


, OH' ’,000 


Hmi 


8.  F I SH  AND  W I LDL  I FL 

j.  Magnitude  of  Future  Net  Uemands.  Resource  dovriopmonts  obviously 
must  be  located  near,  or  preterably  in,  the  subareas  where  greatest  net 
demands  are  expected.  The  magnitude  of  projected  Hrand  River  b.asin  needs, 
as  expressed  in  user-days  in  Tables  11-25  and  11-76,  may  be  considered 
minimal.  Itet  demands  could  have  been  developed,  with  reasonably  logical 
models,  which  would  provide  a great  variation  in  demand  estimates.  The 
method  chosen,  which  has  been  described  in  detail  in  Appendix  K,  resulted 
in  the  most  conserva"*^ i ve  estimates  of  demand  of  those  under  consideration. 

This  approach  assumed  a stable  tisheries  base  and  a decreasing  hunting 
base  related  to  an  increasing  demand  tor  these  experiences,  with  the  results 
adjusted  for  expected  Bas  i n pressures,  rather  than  planning  for  local  demands 
which  quite  likely  will  be  exerted  and  met  outside  the  Basin.  Fish  and  wild- 
life developments  within  the  highly  populated  Grand  River  basin  can  be  ex- 
pected to  increase,  but  not  to  the  degree  where  total  in-basin  demands  could 
be  fully  satisfied  without  having  to  cross  basin  boundaries.  this  study  will 
provide  guidance,  encourage  and  stimulate  additional  development,  and  dofirr- 
goals:  but  one  cannot  assume  that  utopi  jn  conditions  will  bo  provided  for 
the  hunter,  fisherman,  or  outdoor  rocrcati on i st  in  the  foreseeable  future 
in  the  Grand  River  basin. 

b.  Selection  of  Pro[iosod  FJevelopments.  Fach  agency  whoso  program 
could  affect  existing  or  could  create  future  basin  fish  and  wildlife  habitat 
was  contacted  and  requested  to  give  estimates  of  their  projected  construction 
or  management  plans  to  the  year  I9B0.  The  Michigan  Department  of  Natural 
Resources  and  Michigan  State  University  provided  information  or  analysis  on 
recreation  plans  throunh  1980.  Potential  reservoir  '■ites  wore  idi'ntified  Tv 
the  Michigan  Water  Resources  Commission;  Detroit  liistrict,  LI.  . Army  i (.)rp-, 
of  engineers;  Federal  Power  Commission;  U.  S.  Soil  Conservation  Service;  .ind 
the  Tri -County  (Lansing  Subarea)  Regional  P I inning  idmimi  ion. 

A sophisticated  scrcenirui  process  was  develnpini  fo  select  fr-im  thc?'-e 
proposed  sites  and  assnei ated  lands,  those  best  suited  for  meeting  future- 
fish  and  wildlife  dematids  using  the  following  parameti-f 
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(I)  Bioljuical  cons  i deration,  ■ F<c'.ervoir  sii’P'.  w^sro  ^'on^  i !<r<d 
frof)  both  j positive  and  a negative  bi  -looi  il  viewpoint.  Habitat  tivo 
in  the  proposed  reservoir  basin  was  assessed  304ainst  what  the  site  ^ :t  t 
offer  if  developed. 

Factors  whicfi  excluded  or  radical  I v devaluated  the  D"'tential  - i tf-^ 
included:  inundation  of  streams  h jv  i n : .-jood  trout,  smalHrKUuth  ba' ■ , 'r 

walleye  fisheries:  potential  inundation  ■ f unique  natural  areas,  tat'  same 
areas,  recreational  areas,  or  parks;  <irid  strea'^s  havina  great  pot'Ttial  for 
future  anadromous  fishery  "runs".  Di  scuss  Ions  with  the  ^’ichinm  . :eD.-!rt'’'ent 
of  Natural  Resources  were  instrument'!  in  lu'iqinn  the  comparative  "*i  lie: 
and  potent idl  qualities  of  potential  .it"S. 

Other  factors  which  received  cun'"  i 'rati-  n in  evaluatinq  'n:; 
screening  structure  poteriti  il  were  the  exi-  tinn  and  expected  wit.a  anulify 
of  the  source  stream,  as  well  as  size,  Jcrnth  and  expected  use  of  tr..-  po- 
tential reservoir's  waters  and  associated  lands.  Subareas  havinc.  thr- 
greatest  projected  not  demands  and  those  havino  reservoi r sites  wifi  tlie 
j best  fish  and  wildlife  potent!  il  were  not  alway  one  and  the  sa'’e.  :-e-ausn 

I of  this,  consideration  had  to  be  given  to  devrlooinn  -ites  fp  .<  :iven  u: - 

|j  area,  which  would  satisfy  demands  generate!  in  an  adjacent  subaren. 

i (2)  Sociological  considerations.  I here  are  numerous  soci  I'laical 

’(  consideration-'  inherent  in  our  methodoloo'.  for  projectin:;  future  hunting 

1 and  fishing  demands.  The  initial  factor  for  grad  inn  potential  site',  was 

the  projected  magnitude  and  source  of  nee!,  '.vithin  this  f ram-f  w rk , icces-- 
to  potential  i te;-  from  areas  of  demarid  an:  fh(-  --patial  d i ■ tr  i but  !■ 'P  re 

j Gxistina  dew  I op"  ents  were  inportant  cons  ider  it  i , u . onfli'fin;  u'w-  Iv 

( 

other  ..T'.'es  of  Jomand  also  received  consideration.  Potential  i fe'.  ir 
j .ir-'a-  !"v;i  I 'f  water  habitat  were  accordt.Hl  hiah  ptioriiv:  while  ‘.i  ••  . lyir; 

i near  nr  ! ey.ued  d>'>veloped  areas,  remote  from  projected  deruand'  , r''-  '-ivei 

^ less  if f"!  +i  " . 

; '■  ^ ) : onorric  'Considerations.  A riuftier  .if  p'.'f"t'f  i al  -,it.  • hive 

litfl'i  pr.il  it'ilitv  of  being  developed  beca'ise  of  re'itrn'in  ; ero' , " i . nr - 
-i  lerafi  Fa  fors  which  would  usually  push  development  cost-  tsyn:  d 

f av<  .r  lb  I i f /■  ss-f  p)-fi,  , incl'jde:  (I)  Re  lor  ati  Tr..  ( r.,  • i -i'  "1  i ■!  rd 
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i rujustr  i a I deve  I opnonts , ',ew  sae  treatment  plants,  railroads,  major  h iohwavs) ; 
(2)  Unfavorable  topour  iohy  of  -ite  (lonq  or  high  dam,  low  ratio  of  acre 
• eet  to  Surface  acreaae,  poor  flovv  reliability  of  tributary  streams);  and 
(')  - ther  physical  factor  ■ wt  I would  result  in  hiqfier  costs  than  benefits 
f'-r  site  development. 

c.  jeneraliced  uolutions  for  basin  Problem; . There  are  two  princioal 
isproaches  to  providing  Tiv*>  .pportunity  needed  throughout  the  Grand  River 
basin:  one  involves  i ncreasi  r.g  utilization  of  existir.i  resources:  and  the 

ether,  developing  new  sourcfs  of  hunting  and  fishing  ODPortunify. 

(I)  Increased  uti I i cation  of  existing;  resources.  A great  deal 
■'I  water  habitat  is  degraded  fhrouah  the  effects  of  industrial,  riunicioal, 
ind  agriculTural  pollutiv'^n.  It  is  imperative  that  rehabi  I i titi  ve  measures 
be  taken  on  certain  of  these  waters  before  they  become  completely  unaccept- 
ible  to  fish  life.  Th.i-  problem  would  be  compounded  py  i icr^  asi  nql  y insuffi- 
cient treatment  facilities  cr  practices  and  ever  increasinq  costs  fer  pro- 
/iding  adequate  treatment.  New  and  improved  legislation  erubodyinq  stronger 
penalties  tor  violation  cf  pollution  laws  is  needed.  Water  quality  criteria 
must  be  enforced  to  meet  the  requirements  of  a diversified  aquatic  community 
encompass! nn  all  life  history  staqes.  in  se1 1 i no  standards  for  aouatir  life, 
the  Victiigan  Wafer  Resources  Commission  has  stated  that  it  is  Important  that 
rocom,mendations  consider:  "the  most  se^'sltive  specie'',  the  intolerant 

developmental  stages,  the  svneraistic  t.'ffects  of  combined  stresses,  the 
long-term  effects  of  sustained  low-lovel  toxicity,  anc!  many  other  factors”. 

If  specifla  waters  jr<.'  ' lav.ifieJ  far  below  their  capaLii  I i ties  :or  supporting 
aquatir  life,  many  exi‘‘fii  ; and  potential  sources  .,f  fishing  opportunity 
.vi  I I be  lost  or  S‘  V'  r I . imp  lired. 

Fisheries  and  .•'ttiin  wildlife.'  populations  are  dependent  upon  the 
q'-ality  if  fheir  anuafis  env  i ron"ien  f . the  Michigan  I 'opartment  ot  Naturil 
tesisurc.'-'  . fei-l',  f'r'if,  "fv-an!  i mpr.'ver’,e''t  in  poll.tion  iT.ritrol  laws,  tech- 
nique , ■ •'"id  enforcer"! -"it  tt  nil  in  t(ic  ;Ire:  tii'ns  u;  [ieft’r  wit'T  quali'^V  .ir  ', 
.;on:.>.qu!,'n  I I y , better  wiland  .vil.ilif.'  hatit-it.  I'  • : I te  ot  the  advances, 

.1  "'ajar  effert  a,  ro";'!.  in  i el  :.y  largo  sums  ,'f  S'linev  will  t.e  n!'ces;>  irv  t'ofini' 
this  problem  is  selvi-i.  Increase, i jrl'an  i .-at  !■  ■■  , ••■pandeit  ind  "'r-ri"  widi'- 
.prr'ad  indu',fry,  ,)r  : ■■sr-'  tiI  u-,!'  ,a  t.>vi,.-  • ;ri'  'j  I tursil  .a-e-i,  ils  ti.-'nd 

to  I i '"P  I i . , 1 h.-i  ftii:'.  prabl!'"". 
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f’rr;ritr,s  are  needed  to  pr’-V'Tt  vr  re'^edy  un.-.  jrr  ntod  -j..- ;f  n 

of  existing  fish  end  gone  resources  rhroi  -jh  dredgin':,  f i I I i r 
lend  dove locrmn-!  proctices.  Accoriin',-  ; Micnia^n  • ■ "iaturel 

P'  dur.-es,  "Land  development  on  oi  re  r :fer  lias  exp  m io  l fr--'-  tn  . ly 

with  little  o:  no  statewide  controls  which  has  resulted  i --i  t,.ii  i ,,  • icction 
of  auality  fi-hing  waters."  wetland,  -ildlife  hati:  i-.  or  :e  : :n  : - 

througho..*'  ;:r:.  1 isin.  has  decreased  cc.nf  i jus  i y durir.g  rn  p:  ' 

P'S  in  the  r . structural  measures  fer  irn'ovet  drain  viC'  : 

flooding  are  otter,  necessary.  In  ottf-r  rises,  such  i nDrrive"'‘n : . r--  not 

warranted  and  water  management  is  oes " i:'''oved  d\  holding  - ■ “>• 

land  threunh  improved  I an  J treatment  an:  _ ill  reserv'  i r-  . 

Oevn  I '.pments  desiuned  Drimarii'  for  the  ..In  " pirpo.,.-  ■ f f.ir 

provide  serondu",’  or  indirect  bene"'i‘'i  h-,  r.--',tin:  wi»*linds  h r.,  i • : ■ . ^ ;r 

example,  road  O'  highway  construct! or  , -n^llow  sediment  p ole  in  o i| 
servation  Servi  o small  watershed  projertr.  and  farm  O'.-ni  ..cor  s f ru  , f i.-n  all 
can  provide  hntitat  of  value  to  waterf.'-.vl  and  other  .aquati'.  hir.;'  mjrrr.a I . 

i’rr-icing  access  to  existing  opp.*rtuniry  in  <i  m.-j '^r  :■  n . i ' rafic.n 
in  a recre  j"*' ior -1 1 I y orienteif  st.ate.  I'h.--  Michigan  Department  of  M..  jI 
kesources  : 

iiJiO  the  ,.2x'jest  rr:  c;‘  I'rgiixtr.ved 

h n H‘^,000  is  of  L971.  studies  of  boating  tr>e>,dL.i  in- 

dl  -::-:  the  total  nimbex-  .‘a’  2 aa'i  ■^Q'',000  . h'.- 

demand  aannot  he  met  -jithont  ahaots  xlong  the  uateifr  z>:d 
')-’ubi,a  m'  pmblent’  for  bOot- ra  aui  boat  i i.-  a ■/.  ' 

7 a:'g  roar  publla  program  ruraued.  " 

According  fo  Do~:artnenf  surveys,  ther.^  wore  tt^OO  i re.  (.:  w M- : o 

the  basin  in  1 ’f  ’ which  neo  led  .acces-  .■  ,'l  .rm-'iits.  i te  , ..^o  tr‘ ‘ i 
actively  undertakin]  an  access  acqui  .i‘ion  ind  rehab  i I i :t  i r.'t  ;u',n.;r..”  ,v‘-.i.n 
is  designed  to  leer,  pace  with  oxi'  t i nq  ,it  c future  'emian  in  ; n.  , : ..  t-  . 

Fishery  management  progra"",  !■  fnl  ,re  .n  , - ...I  : ct  .vi.le 

tinuing  tiettor  use  of  existing  resources  ind  tireef  atfintiin  • - - 

effort  offea'inq  are. iter  return  to  the  .sport  .-ran.  r‘e-.e.ir,:h  .n  frv.:'  _,-rc..Fin; 
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■iizes,  stocking  rates,  and  angler  catch  has  shown  thad  by  stocking  greater 
njrsers  of  sub  legal  trout  rather  than  a few  large  trout,  the  angler  can 
expect  to  catch  greater  numbers  of  legal -si  zed  trout.  This  method  of  "put, 
grow,  and  take"  is  also  more  economical.  .'.'armwater  fishery  programs  are 
also  receiving  additional  consideration.  ^Jo^the^n  pike  spawning  marshes 
will  be  developed.  Fishing  laws  are  being  liberalized  wherever  biological 
data  indicate  laws  are  too  restrictive.  The  chemical  eradication  of  pro- 
blem fish  populations,  with  a subsequent  restocking  with  desirable  fish, 
has  been  an  expanding  program.  Partial  treatments  have  been  usee  for  thin- 
ning over-abundant  pan  fish  populations  to  encourage  growth  and  thereby 
produce  more  catchable  fish.  Stunted  pan  fish  populations  are  a major 
problem  in  Grand  Piver  basin  lakes. 

The  future  course  of  the  commercial  fishery  in  the  basin  is  likely 
to  depend  upon  the  Lake  Michigan  fishery.  In  this  regard,  the  Grand  River 
sys ‘■em  has  been  identified  as  a contributor  of  sea  lampreys  to  the  lake. 
Bureau  of  commercial  Fisheries  biologists  have  carried  out  chemical  control 
work  on  several  of  the  lower  tributaries  of  the  Great  Lakes.  If  no  other 
factors  are  limliinc,  present  lamprey  control  work  will  eventually  return 
Lake  Michigan  commercial  fishery  values  to  levels  comparable  to  those 
existing  before  lamprey  parasitism.  Also,  the  large  populations  of  ale- 
wives  currentiv  in  the  lake  are  expected  to  provide  food  supplies  for  in- 
creasing populations  of  lake  trout  and  other  important  lake  species. 

The  overall  game  management  program  also  is  providing  and  should 
continue  to  provide  for  increased  use  of  existing  wildlife  resources.  The 
soundness  of  an  anterless  deer  season  in  southern  Michigan  is  now 
accepted.  The  pronram  has  curbed  certain  deer  management  problems  and 
hai  provided  needed  additional  opportunity  for  tiie  hunt*=r.  The  mourn i no 
dove  represents  another  wildlife  species  that  could  provide  add  i ti'.4i,al 
opportunity  without  -additional  cost  or  hunting  acreage,  merely  by  .rliir  : 
it  to  the  game  bird  list. 

Turkeys  thriving  in  Allegan  County,  which  lies  parti  iMv 
within  the  ' rand  Fiver  basin,  suggest  th.at  Introductions  mj  y f ■. 

.iccessful  o I ':.t•wh^■rp  in  the  basin.  Habitat  simil.ar  f ‘ > 
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County  also  exists  in  Montcalrr,  Kent,  and  Barry  Counties,  with  lesser 
acreages  in  other  basin  counties. 

Continued  efforts  should  be  made  to  repeal  bounty  laws  in  Michigan. 
This  antiquated  system  has  no  biological  basis  and  is  an  unnecessary  budget 
drain.  Total  cost  of  bounties  in  1963  was  $242,135,  only  $160  short  of 
the  recorded  payment  in  1961. 

Habitat  development  has  been  accelerated  on  public  game  and  recre- 
ation areas.  Upland  game  populations  have  responded  favorably  to  this  type 
of  management,  which  includes  the  creation  of  brushpile  shelters,  develop- 
ment of  additional  "edge".  Increased  herbaceous  plantings,  and  more  free 
and  shrub  plantings.  The  Williamston  Plan  Program  and  Federal  Cropland 
Adjustment  Program  should  have  continued  success  in  providing  opportunity 
to  the  basin  hunter,  at  little  cost  to  the  State. 

Certain  basin  areas  do  not  allow  hunting  on  Sunday.  If  Sunday 
hunting  were  allowed  throughout  the  basin,  the  worker's  opportunity  to 
go  afield  would  be  greatly  enhanced.  Huntable  lands  and  species  generally 
can  support  greater  usage,  and  hunter  participation  would  increase,  with 
no  additional  State  expense. 

Applied  research  and  development  are  vital  to  any  progressive  plan 
for  meeting  future  fish  and  wildlife  needs.  Fishery  studies,  including 
those  concerned  with  mortality  and  disease,  sea  lamprey  control,  cold  and 
warmwater  population  dynamics,  general  creel  censuses,  age  and  growth 
analyses,  limnology  of  lakes  and  streams,  fish  toxicants,  and  aquatic  plant 
control,  all  are  expected  to  provide  ar.swers  that  will  create  increased 
future  use  of  existing  habitat,  with  increased  efficiency.  Studies  designed 
to  aid  in  the  management  of  future  wildlife  populations  include  those  on 
the  effects  of  pesticides  and  herbicides  on  wildlife,  tracking  wildlife 
movement  through  radiotelemetry,  evaluation  of  hunter  success  resulting 
from  game  management  measures,  analysis  of  inventory  and  population  esti- 
mation methods,  studies  of  farr.land  deer  herds,  and  surveillance  of  diseases 
such  as  rabies,  lead  poisoning,  and  botulism. 

(2)  Development  of  new  resources.  In  some  areas  in  the  basin  the 
fish  and  game  habitat  base  available  to  the  public  could  not  support  all 
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future  fishing  and  hunting  net  demands  even  if  optimum  use  of  these  lands 
and  waters  was  realized.  In  these  cases  it  will  be  necessary  to  develop 
or  acqu i re  new  areas  or  introduce  new  stocks  of  hunting  or  fishing  oppor- 
tunity to  support  expected  demands.  There  are  several  development  programs 
now  underway  or  being  proposed  that  are  expected  to  have  an  overall  positive 
effect  upon  the  Grand  River  basin  sportsman.  The  program  now  receiving 
national  attention  is  the  introduction  of  coho  and  Chinook  salmon  into  Lake 
Michigan.  If  expectations  are  realized,  and  results  do  appear  encouraging, 
utilization  of  this  new  resource  should  be  tremendous.  Approximately  40 
percent  of  the  Nation's  population  resides  in  the  industrial  midwest,  which 
borders  the  Great  Lakes,  The  Great  Lakes  comprise  by  far  the  largest  bodies 
of  fresh  water  in  the  world.  These  comparatively  undeveloped  segments  of 
fisheries  habitat  now  appear  to  have  a new  future  with  attendant  benefits 
for  basin  anglers.  The  possible  introduction  of  striped  bass  into  basin 
waters  also  suggests  another  potential  quality  fishery.  The  striped  bass 
and  salmon  have  spawning  habitat  requirements  that  can  be  met  by  some  streams 
in  the  Grand  River  Basin.  If  anadromous  populations  are  established  in  Lake 
"ichiqan,  the  Basin  angler  should  be  able  to  fish  spawning  runs  of  salmon  (fall) 
and  striped  bass  (spring)  near  his  residence.  There  may  be  certain  stream 
obstructions  that  should  be  removed,  if  they  are  of  no  value,  or  fish  passage 
devices  built  into  the  remaining  structures  to  permit  access  to  choice  spawning 
areas.  These  programs  will  also  require  building  or  conversion  of  fish 
hatchery  facilities  to  meet  initial  salmon  or  bass  stocking  requirements. 

The  construction  of  large  and  small  reservoirs  will  be  of  benefit 
to  many  interests.  The  theory  of  multi-purpose  developments  is  often 
sound;  however,  in  practice,  single-purpose  units  also  merit  consideration. 
Jver-deve lopment  can  be  as  inexcusable  as  under-development.  A variety 
of  recreational  experiences  can  be  provided  by  a complex  of  single  or  dual- 
purpose  developments  on  a less  cluttered  and  more  easily  managed  scale, 
than  by  frying  to  plan  each  unit  of  the  group  as  "all  things  to  all  people." 

Tor  example,  a reservoir  constructed  to  provide  fishing  opportunity  requires 
optimum  water  depth  during  the  summer,  while  a waterfowl  reservoir  is  often 
best  managed  with  low  wafer  levels  during  the  summer  to  promote  vegetation 
and  increasing  water  depths  in  the  fall  to  attract  waterfowl  and  to  partially 
flood  food  patches.  Multi-purpose  reservoirs  often  provide  a spectrum  of 
conflicts  and  problems  to  the  fish  and  wildlife  manager,  which  often  appear 
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Table  lV-14 


Table  lV-14  A Ob  orATi:,-OW:ft:D 

FJELIC  HUNTING 

AREAS, 

Wli 

Cllli  THE  Gl^.'D  HIVlll  BASIN,  l‘i65. 

Li: 

:TIX  PRESENT  AND  GOAL  ACKEAGES 

liucatior. 

Naiue  of  Ai'ea 

Preser.t  Acreage 

Goal  Acreage 

Orand  dapids  Subai-ea 

Ottawa  Co. 

Grand  Haven 

675 

3930 

Kent  Co. 

CurinonsDurg 

1327 

3294 

Kent  Ce. 

;<egue  Elver 

blMO 

0176 

dubai'ea  Total 

71-2 

I510O 

West  Central  Bolt  Subarea 

M^ntcalr.  Co. 

Fiat  i'iver 

op4o 

i‘  417 

M ; lit c alii;  Co. 

Stanton 

0^53 

Mjntcalr.  Co. 

IjO-I  S i.  >w-  t • 

270^; 

5900 

.’■LntcaLm  Co. 

Ednorc 

loti 

424c 

I^nia  Co. 

iortland 

l4oo 

1275 

I^nia  Co. 

L^wel 1 

ic^o 

4126 

Barry  Co. 

Barrj- 

l4lyy 

Lton 

Bain*y  Co . 

Miudleville 

L'SyO 

iCjt 

Subarea  Total 

j7o;;8 

79492 

Lansing  Suboi'ea 

Clinton  Co. 

Hose  Lake 

OAI 

47  DO 

Clinton  Co. 

Maple  Hiver 

4S4,' 

11104 

Inghair.  Co. 

Dansville 

4-uyo 

49  ol 

Subarea  Total 

lA'pc 

^0,’99 

Northeast  Fringe  Subarea 

Gratiot  Co. 

Gra'iot  - Saginaw 

201C70 

Subarea  Total 

I2t  sy 

2u070 

Jack  Son  SubEU'ea 

Jackson  Co. 

Gha.-onviiic 

22^1 

Jackson  Co. 

Waterloo 

iyoi2 

191  Iji/ 

Subai'ca  Total 

l'(o6i 

21199 

Busin  Total 

it  2912 

^ A goal  acreage  was  not  available  for  the  Waterloo  Hecreatiia  Ai'ca. 


T.nble  IV-15  A SUMMARY  OF  WATKRFOWL  IMI'OUr.'DMi-.TrrJ  PROIOSED  FOR  DEVKWI  f-2/rT 
ON  STATE  GAME  AREAS  PRIOR  TO  li^dO,  GilAND  KIVEI^  BASIN,  MICFIIGAN 


Subarea Game  Area Lucatlrn 
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pumping  station) 
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Spring  Creek  Dam  report  avaltaoJc,  70  acrer.. 
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SE  of  NE,  Sec.  4,  T 7 N,  R 10  W 

West  Central  Belt 

lAngGton  SGA  NE)  of  NW‘,  Sec.  27,  T 11  N,  R 6 W 

NB-!  of  NEl,  Sec.  33,  TUN,  R 8 W 
SE^  of  SE^,  Sec.  28,  T 11  N,  H 8 W 


Table  IV-15  (Cont'd) 

Subarea Game  Area Location 

West  Central  Belt 
(cont. ) 

Flat  River  SGA  SW  cf  SE,  Gee.  3^,  3S  of  SE,  Sec. 

T 9 ii,  H a W 

NE^-  of  Sec.  2,  T a :j,  R 6 W 
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NW  of  SE,  Sec.  x,  T 5 M,  R 3 W 

SW  of  SE,  Sec.  2,  I 8 E,  K 7 V,' 
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been  made,  some  private  land  i.nvoivc<i. 

Turner  Creek,  Garr,  . tube  Game  Ar  a, 
some  cn^^ineeri:.^  p...iu.s  which  shi.uld 
probably  be  rc-'/valuat.xd. 
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Three  Lake 

Flooding  kT;  of  NW,  Sec.  2,  T 10  N,  R t>  W 

dam  and  dragline  v'O'k 

Colby  Lake  Dam,  Stanton  Giime  Area, 
no  plans  have  been  made. 
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Table  lV-15  (Cont'd) 


Subarea 


Game  Area 


Location 


northeast  Fringe 


Maple  diver  3GA 


Along  the  west  side  of  US-27,  liking 
and  control  structure  needed. 


3W  of 


Sec.  29,  GE-^  of  r^E; , Sec.  29< 


of 


u > 


bee . 
Sec  . 


2?,  St, 
29,  'T  9 


jf  'JWf;,  Sec. 
J,  R 2 W 


29 


Proposed  future  uike  around  open  marsh. 


Jackson 


Portage  Marsh 


Waterloo  di  creation  A:-ea,  sorrx'  pri'.'«t-< 
land  must  be  acquirea,  this  area  is 
being  studied  at  the  present  time  for 
a PL-566  Project. 
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nov.'  exist  in  the  Lens  i no  Subarea.  Anp  roxi  m<3te  I v b30  acres  of  addi  ! i • il 
I )i-d  wi  II  be  acquired  for  these  areas  prior  to  l‘^80.  Ifio  qoa  1 ^cr.-Mat-> 
now  needed  to  fully  "block-out"  subarea  public  huntinq  sites,  is  8,700 
acres  (Table  IV-17).  The  Michiqan  Penartment  of  Matural  Pesourres  will 
judqe  where  additional  acre'-  would  bo  of  areatest  value  to  I insin.:  ul  ar 

hunter s . 
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I iU  i • I . ihis  typo  of  small  i m[UHjndn.on  I frijht  I'o  cC’nstriK  tod  iri  iia 

. i;-  ‘ riiari'.,.  portion  .rl  tfro  f-tiplo  l-’ivor  blato  Game  At  o r I'r  it  . 
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lO.RO.  If  thii.  1 i on  i'i  ■•■tt.’  .l('('t",  H' ■ II  ■ "rt  t.ilo  P.ii  k '.-.ill 

vide  dr.  t'Stirr  lie:  ?,?00  fuinfor-ddv  us<>  I'or  ve.ir. 

Thort'  i'  intcri"..!  in  pr.Aidini  tl  . ..!  ..'filr-ol  .md  ■!"- 

mont . I f i on  ro  I i . ■ f f.r  Uu'  ..ities  .'f  1 rn  i'.:  ni.l  f n.f  l.irvinii.  ii'.f'  'i 

. ui  inon  ^ ! t i I 'n  r.'.'lho.l  r.’.iii.in:  p.'ll  1 1 i on  (r.t'l..'’^  .i.irino  I ■ -w  f'.-i''  • I - 

i not  rn'iint  I.'  bo  .i  nub  tit'ifo  for  i!  il-'!rn'>n1  ct  pilluli.ti  .ir  if  : .t  ■ , 

but  is  J us  f i t i db  I ■ Tily  us  u d.'vi.e  lor  r.oofin.j  tesi.iu.il  'stt...-  : i.i  1 i : . 

needs  .ittiv  (idoaiite  to  t > ootr-iont  ..tjrui.iids  h.svo  loeti  rnet  . 

I tie  P.Jsin  I’ljii  ot  (love  lopi'H'nf  ..ill  for  con  I tu.  t i . n ‘ : ' ' i -i  - 

pool  re.i'tvoir  conplev  ( . i to  b‘'-li.\in.  Sib  ‘..S-'v'i  i I 1 i .tt'isdon  , ind  ' it.'  ‘ 

0korK"j)  to  yiol.f  roi  ro.)  I i on  , iKt  •uippl'/.  flood  confr.d,  i.,.iti't  ;u.il 

eon  tr.n  I , in. I I i sh  md  iv  i I .!  I i ' e t.'eru  - 1 i t . I tie  iippor  p-oi.'  I ( ■ i 1 1 ' ' ' '-I  ■ -t  ' 

woiJ  I if  t'O  rtidnu-lOd  to  faint.iin  vi  i . .rr . I :ii  I ti  i nfi  l•■l■el  f cm  i oefe.;  t i . ■•.  ■■  : 

ti'-h  ind  wiMliti'';  ,md  ttie  .'ttu-i  two  p.  • 1.  v%.uld  bo  ‘ I 'k  t 1 1 i r.  : : I 

!("..i  ino'.l  to  Sc'rvo  otfiot  npods. 

i i toil  ')■/  ,jnd  fMf  .ippe.ir  to  ol  tot  fhe  'it,.itost  f . -n  f i .i  I ' i ‘ 


ind  wildlife  bc'nf'fit'.  iip.tre.in  tr.m  1 insine.  Sffe  '<!,  >1 

f-od  t.oij.ir  Kivor,  ..ind  ; i fo  on  (lonti  ('rook,  lit'  in  tbo  kod  .-.'ir  drtitii- 

iro.J,  which  is  located  south  and  ('d‘-l  of  lunbin  i.  A'rti , in  lii‘.  in.ilv  i 
of  five  Rt'd  Cod.ir  drainane  sites,  st  itod  that  the  Okeno'.  ite  ; '•  ■ ‘ 

thi'  bt’i'.t  ni  tt'  nf  tlu'  !>>'', ‘ri'ati  i»ial  r-"  .tnd  the  (it'.in  ■ i eel- 

site  th,'  rh'r!  oea : b > : >>  : 
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I : ! ‘ I ■ i *1"  . - r , ■ ,K'  i ;•  1 ,i  t " J - ii!  i .'i'  f i *i  . :ri, ) w I I : I i ‘ ■ t I ■'  t •- 

. •••■  ■■  !.•:  t!  it  ttit.'  Id’’,  ,'t  ’ I tr;  'i7  (01~<>r,  ,)  a,  .li 

IV  ■ rr.il  ..lir'fff  ( V -1  i-r.  iti  ii)  I .iiT't:  i!  tlio  .i.i"  ir;  ■ -’".jt.' 

I'*  '.'..itor  it'pth--  ,-)t  ttv'  Site  i.j'n  ^0  with  j non- 

tluctu.itlng  pool.  The  osti"’.)toh  surror  pool  .icreoqes  would  h<'  760  ncre 
it  , i to  hT  and  7,o00  acres  at  hi  to  69.  M shery  benefits  could  roach 
. 1,000  .ninual  angicr-vlavs  use  at  't  i te  57  .mJ  -iT^OOO  days  use  at  ,it'-'  5' 

i»  t-..,  ro' or\  i r fit  tailwater  tiiherios  wore  developed  to  'ull  poton  * i 

i*  ' ict'i  site.  Waterfowl  and  upland  game  benefits,  usino  aario  and  p jrk 
I an. Is,  would  ipprow  irate  2,300  davs  use  .if  ife  5~  an.)  ‘■,’00  J.iy-.  use' 

.!  lb  i'  oa.  ‘I  ..-iff'  wer-^  fully  :o'/e  I opt>  : . 

i : • ■ >'  I _ I , it  ft  c i t . ' • a r I !'■  ! on  : 'ii  ■ Look  i nep  lass  River, 

alS'-  .vou  I d prv'si.lo  neoessary  opp'v  tan  t f . ■ to  hi.nfvi  jric  iiv.herr'on  i am 

I ansing  Sub  trea  resources.  The  '^■'rtlmd  Reservoir  would  h.av<?  a surroer 
0 . ' depth  averaoinri  about  30  feet.  Surfeaco  acreaqe  ,)t  t'’is  site 
would  tie  app  rox  i rate  I y 1,200  acre'i.  Wi  *ti  ful  I de\'e  I opr'icr^  of  fhe 
site's  f ! -..h  and  wildllf*-  potfrnt  i a I , pr<>lirinary  ut  i I i .-.at  i on  estir-ates 
woi.l.;  Le  31,000  annual  arnler-dav?  and  '‘,700  annual  hunfer-davs. 

Ill;  ire, 1 f.irm  pomi  ronsf  ruction  is  expO'  fed  fo  ti  t,j|  .fOO  at  t < 
pri  f Ici  I'TtO  i'  [lesenl  cons  t rue  I i oil  r.ifes  are  m.ilrtiiru  1.  This 
aore.vte  could  provide  .'’8,000  annual  days  use  for  fistien-'en. 

‘s't-,.  ;i  e -t  v't' i I ‘ishini  in  I p.iik  l,ik>‘  .love  I op'-er  1 s P'S.p-sed 

i'  ftie  1 tns  I n : '.jpa'’Oi  tor  the  intorir  I 'i  5 to  I'fSO.  i he  ' loopy  ik'lh'w 
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rtie  uri  I :r  '•  ■- ,is  fi?ih  dove  I op'M.'r,  t p'-  ;r will  h w-'-  ■'  i:;c  1 

^:n  St  f i '■  ( \ i f:  r no-ir  - • ,•  ture  (I9B0)  ^•n:lt.-r  no**:  - in  the  Ijnsin;  i.D.trr-:^ 

bit  tiv  vvh.it  dc:roo  is  yet  un.'iotorn  i nod . The  ■ t .tni!  jn'  Loot'vnj;!  : 
Rivers  tro  expeded  to  bo  utilised  by  dnadronous  fish  pops  I at  i ' ns  i- 
this  Subarea  pr!i,>r  t-.  |Q.tO. 

f'lorttieast  Frin  ;<^  ‘..vibure,:  > I tn. 

(I)  Pro 'ect  Plan.  The  projected  fish  3rd  ivildiife  'j*'volor- 
"lents  in  the  Mortitoost  Frinqe  Subarea,  for  the  irterirr  I9bb-I980,  arc 
listed  below.  The  acreage  and  preliriinary  estimates  that  ouli 
be  provided  by  those  developments  are: 


Hunt! P : 

Acres 

Additional  to  Existing  Game  Areas 

660 

t'HO 

New  .lame  Areas 

2,h00 

o 

o 

Scarce  (.'.'ater  fow  1 ) Habitat 

2f‘0 

|f-0 

State  Parks  and  Recreation  Areas 

1 .700 

1 ,700 

Secondary  Watorfow 1 Habitat 

180 

1 10 

TOTAL 

5 , fOO 

b,250 

Fishing 

Farm  Ponds 

170 

1 1 ,Q00 

Small  Fishing  Impoundmenis 

14 

400 

TOTAL 

184 

1 2 , 390 

(2)  Reservoir  Sites.  The  following  site  was  the  only 


potential  reservoir 

in  the  Basin  portion 

of  the  Northeast 

Frinne  '^ub- 

area  that  appeared 

to  have  high  fish  ,ind 

wildlife  va 1 ues . 

Potert i a 1 

sites  in  Shiawassee 

and  Gra+iot  Counties 

, that  were  outside  of  tt'<' 

Grand  River  Basin's 

hydrologic  boundary. 

are  not  idenfided. 

fiummer  Pool 

ttet  [.'ays  iise 

(Ppi.  1 i w : • arv 
1 S'  i ; t . ■ t 

Site  Name  & (No.) 

Stream  Dam  Site 

Acre-.  1,  li'v. 

Hut-  ‘ i ■ : ! i sh  1 IV] 

Bear  Cro‘’’k  (109) 

B.'.ir  T7RI  . he  . 

.1  7fh 

.’,600 

i 


I V I 
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(■•■)  t'  i '-.C  ioi:  ■ Al  'houah  "tAo  Norttu.vi-,t  '"ringe  !.-uL  ir>- i t r. 
nt,‘t  huntini’  jnd  fistiinq  dfrijniJs  that  ire  '<.,'1  is  areii  ,v 
otMor  siiDiirt?au,  plannirg  should  bo  careful  ly  con'idcred  fo  taKe  advi'.'o'v 
of  the  d'.ailablf  forrain  and  habitat.  Net  fishim  derardc  are  i/rtvtod 
to  require  addition.il  fishinq  habitat  over  ttiat  avillablo  in  I960 
(Table  M-25)  to  sustain  an  additional  21,000  anqier-davs  use  by  I9>f0, 

■ ..',700  by  2000,  and  88,500  days  use  bv  2020.  The  huntinq  ODportunifv 
iv.iilable  in  this  Subarea  in  I960  will  have  to  be  increased  to  su'.tii' 
an  additional  52,800  hunter  days  in  .'’000  and  118,^00  days  us.e  by  .'O/O 
to  satisfy  net  hunter  demands. 

The  projected  acquisition  for  existing  put'lir  hur;+iri';  ire m i ., 

'■!  0 a. res.  This  could  be  added  to  the  established  Rose  laKe,  "■.pic  ni.e, 
and/or  Gratiot-Saai  naw  areas,  the  goal  acreage  tor  thes<'  th.ree  area'j  i •: 
|9,.’00  acres.  Selection  of  where  purchases  should  be  f^a.te  will  depenu 
on  the  State's  manaqomonf  plans  for  each  area,  the  av.i  i I ab  i I i ty  of  .goal 
acres  at  particular  areas,  and  the  per-.icre  cost. 

If  t-ear  Creek  (Si+e  109)  sfiould  be  constructed  as  a fish  inti 
lake,  the  2,500  acres  projected  to  be  acquired  for  new  aame  areas  coul.! 
be  ..'eveioped  at  this  site.  It  plans  should  call  tor  Bear  Creek  to  be 
developed  as  a park  lake,  tlie  1,700  acres  projected  to  be  acquired  for 
parks  or  recreation  areas  could  be  provided  with  this  project.  tfie 
2,900  acres  allocated  to  new  game  areas  might  be  of  greater  viiue,  with 
less  operation  and  maintenance  cos’,,  if  they  were  atided  to  estab  I i uhci! 
areas  which  require  exp  ms  ion. 

Projected  purchases  of  scarce  waterfowl  habifat  are  t'xpev  fe.i 
to  total  790  acres  in  the  Northeast  Fringe  Subarea,  loot  ion  of  a 

potential  area  is  directed  by  its  relation  to  exist!  rig  waterfowl 
fiabitat  .ind  its  avallabili+v  for  purchase.  Scarce  waterfowl  habit. it 
’’ay  .1 1 so  be  provided  by  water  control  structures  rc'gulated  '-.pec  i t u a I 1 v 
t'ar  wetland  management.  Such  structures  are  programmed  for  con- 
struction in  the  northeastern  portion  of  the  Maple  River  State  C-ame 
Area.  Waforfci'wl  habitat,  on  a less  intensively  managed  sc.ile,  will 
be  provided  by  fishing  developments  (farm  ponds,  fishing  and  park 
i mpoundments ) . 
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•r<  lir'inir’v  hur'tin:  uii-  O'-.  t i 1 1 r;  tt'n'  n ' ■ 'ji t ‘_i  'fi'  jm'  : 
i!)ov<'  ivMul.!  jr-cr.' j.  t.  r O' i '-atf  I V hunter  duv  , if  all  site"-,  wore 

’ 1 1 I V Jovo  I I'ped . 

r.irn'  p.''  will  ptMviii'  ,1  ito.it  n’toupt  vd  in  1 1 ■ r -I'P'  i i -.n  i ty 
i*  prosont  oonstruv.  T ion  rotes  .ire  m.i  i n t i i neJ  throuqti  I''.‘h0.  '.ve  ou  t i - 
rite  th.it  neor  Iv  I.’, 000  .innuol  onglet-aiys  usi.'  cou  I o be  ptovi  It’d  py 
170  riores  ot  tti  L-  ‘.no  fi.ibif.it  within  th(>  tjortheast  frinoe  .ut-.ire  i. 

i no  'istiin.;  .r  p.-irk  I iko-  Jt've  I 'pr-.->n  t is  propost'd  in  ttie 
filorthoist  Irinoe  -.ubdroa  tor  ttie  interim  |d>'  to  !'*"^0.  .'m  inr-ourul- 

">'nt  ...1,1  ■ b-  • rr.o.!  it  ■ i !('  tJurt  or  I O'''  by  pi  ioin.)  .i  -'O-foot  riof.  on 
ikvir  Creek  in  .octron  Pt  , I wnst'ip  7‘J,  t■\inoo  If  . Thi  I.in"  would  p'o- 
vide  .1  C5h-K.ro  I ike  i*  the  water  Sui'  u.-  w.  • o it  elev.itiu'n  7f.O  fee*. 
Th,'  i p ii.nindr'lon  t .iti.i  tailw.lter  fist'Or'..  it  dO'.oli'Pod  fuMv,  wOul.;  pr- 
1,  i .to  an  esti"',itod  h,7Q0  on  ; I .'t  - : iy  s ,r.o  .innu.il  K. 
h.  J.Kksoti  Subare.i  Plan. 

(I)  ‘loj^e.'ted  '^l.ins.  I t'o  a. to. mo  arui  use  estiPM<es  pr.niaed 
by  projectt‘,1  tisti  and  wiUllite  ileve  I opr^en  t in  the  J.ickson  t-ubarea  tor 
ttie  interim  I ‘'f.h- | ‘tpH  ara.'; 
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bchoouleu  ot  the  Waterloo  Kecr  eat  i ; !M  Art'a  (Table  I'.-I8).  w.itirr^s'wl 
habitat  in  this  area  is  excellent  arui  bheuld  be  managed  to  its  full 
poter.tial.  Potenti.il  reservoir'  iias  8 and  t'3  would  flood  a 
large  portion  of  the  Waterloo  Reereati^'n  Area,  ^ausinti  irrcpirrhle 
l.'SSf'S  or  fish  and  wiMlifi^  habitat,  unigue  ('coloyical  area  , ru’  roea 
r ecrea  t i developments,  rnd  the  attendant  eniovr’’ent  of  ttnvsi'  ro'.i'urre'  . 
However,  Site  I'M  on  the  I'ortage  River  has  been  identiriej  t,y  the  ‘•'iitii- 
gan  ncpartmeni  ot  Conservation  as  having  substantial  waterfowl  potential, 
rite  60,  on  spring  Hrook  , would  a I -■  have  ti  i gh  waterfowl  poter  'Cil. 

It  is  est  i r'Viteil , on  ttie  tiasis  of  past  tr'encis,  ttiat  app  rov  i s j tf. ) y 
?,400  acres  will  be  adder)  to  park  and  recreation  areas  within  the  Jackson 

Subarea.  An  expansion  ot  the  Water  loo  Recrcaticrn  Aroa  could  e‘f..il', 
constitute  this  addition,  and  would  bo  a good  corrservat  i on  inve-  tsof" 

♦or  future  years. 

Ttre  Sandstone  Crock  ‘ a tt>  (Site  No.  L-C)  was  sole  led  as  havi"  ; 
the  best  potential  for  fish  and  wildlife  devo I opr'ent . Ihis  site  is 
located  south  of  Tompkins  Center  and  worr  I d inundate  areas  within  four 
miles  of  the  western  edge  of  Jackson.  it  would  impound  about  ' ,600 
surface  acres  of  water  during  the  summer'  and  would  have  an  average 
depth  exceeili  ng  15  feet.  F’rcliminary  estimates  of  use  anK'unt  to 
72,b00  annual  ang  I -days , predicated  upon  proper  developtgeni  and 
management  of  the  reservoir  and  tailwator  fisheries.  Waterfowl  and 
upland  game  preliminary  benefit-  could  total  about  I o , 1 00  hunter-da'js 
use  each  year  it  a State  game  area  and  park  lands  were  developed. 

Subarea  farm  ponds  are  expected  lo  provide  100  acres  * • fist' 

..rid  wildlife  habitat  it  present  constr  u.  t i on  rates  ate  c a i nt  i i tied  . 

T ti  i s acrsai.]o  cc'u  I d provide  7,000  annual  anglt"  -dvivs  use  ani.)  a|nc  reduv  i 
“i  string  intensity  on  public  fish  ini;  waters, 
h.  ^ItR  CUAL  Ij_Y_ 

a.  Pollirtion  in  the  Cr  inJ  River.  I he  water-  of  ttu-  (-t  ari.i  River 
are  degraded  in  guality,  particular  I v below  .lacKson  .md  lansing  .rnd  at 
the  rrouth  nc.ir  la-.ind  Haven.  f h i 'V  dov;r  ad.i  t i c-n  in  guali'v  is  ovi  denied 
try  lew  dissolved  oxygen  levels  and  eltu't  t'i.'leji  al.  he"!  al.  " i t e- 
trioloqical,  and  physical  parameters  analv.’f-1  bv  I'oth  federal  and  fate 

pollution  con  t r ' I .igenciea. 
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J.  Needed  '.Vater  Qujiit-y  I n^rovements . A ru"bcr  c‘  poll'.-M:'  'trol 
"Odsures  are  presently  needed  in  the  Grand  River  basin.  Ttiosc  "'•jSjre', 
partially  shown  in  Table  IM-7,  include  secondary  waste  treatment  for  all 
m.ajor  m,unii:ipal  waste  sources  and  equivalent  treatment  »'or  all  s i C'' I ‘ i Crint 
industrial  waste  sources. 

In  adJitio’",  the  recommendat i ons  of  the  Four-'tate  Federal  ir- 
forcemont  Conference  on  the  pollution  of  Lake  Michigan  and  its  tributaries 
require  that  communities  provide  at  least  80  percent  phosphorus  reroval 
on  a statewide  basis. 

At  some  locations  for  foregoing  measures  ;lono  will  not  be  suf- 
ficient to  achieve  satisfactory  water  duality  control.  ^ he  study  has 
identified  two  principal  locations,  the  Jackson  An  - u .j  ttie  Lansiric 
Area,  where  additional  measures  are  required.  A study  >.  *'  alternativc- 
r'easures  reduces  to  the  following:  advanced  waste  treatn'o.nt  (treyv.nd 

j the  basic  degree  specified  above):  augmentation  of  low  f lews  in  the 

j stream  receiving  the  treated  wastewater  effluents;  piping  of  effluents 

I to  a more  favorable  location  for  discharge;  or  crjmb  i nat  i ons  of  thost^. 

Lstimates  have  been  made  of  the  stroamflows  required  to  s.4'- 
j lement  basic  wastewater  treatment  in  maintaining  established  water 

r 

duality  standards,  in  the  reaches  of  the  Grand  River  at  and  immediately 
downstrearr  from  the  cities  of  Jackson  and  Lansing,  These  estimated  flows, 
for  projected  conditions  of  the  years  I960  and  2020,  are  given  in  Table 
IV-3.  Section  I I I of  this  Appendix  presents  a multiple-purpose  reset vcir 
plan  to  provide  part  of  this  flow. 

At  Jackson,  which  is  located  near  the  headwaters  of  the  ri\or 
system,  the  required  flows  exceed  the  maximum  physical  supply  o*  w ifor 

I obtainable  from  the  river.  Therefore,  a form  of  advanced  waste  treatrert 

will  bo  required,  and  the  ci  tv  .^f  Jackson  is  now  takim  stepn  providt' 
i *■ . If  a mu  1 1 1 p I e-purpose  reservoir  were  to  be  '(instructed  i r\  the  JacKsor 
area,  allocation  of  storage  spare  for  U'w-Mow  riuementaf  i on  would  be  a 
valuable  supplement  to  advanced  waste  treatment.  I m.por  t it  ier.  et  water 
I to  the  Jackson  area  is  a possibility.  However,  unlos  - water  i'’p^'  le  : 
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• • I p ;rt  •.  f i t"'  tl  ■]..  inl'tv  brouc'''^  i ' Vcr  I 

’ht'  - I;-  * f i insc"  r t i nq  a, iter  "rof  r-nc  - * t‘'"  'rci'  L,)-.' 

<K>  , II  r TbI'i  I 'jrai-io  .ilone  wou  I J be  q, reciter  ’he  ' ’ r 

1 .leo'e--  • tr-cirrvr.r  tiieh  eneuati  to  oli”i'-:te  nv  rt-o;’  t'  ' r : i"  ’ 1 1 

..  1 1 e arr ' I oa  . 

At  l-inbinr,  .vheri'  tti*''  .;r.)nu  fiver  I '!•  "ech  I ;r  k ' tt'  i’'  ' . ■ •' 

, • . ft  .'re  ir  .1  t ivorablo  opr  >r  ' k i ty  '■  i ir:  lejr.’ 

f ' • A,;‘.  ro'.v.ite-  t rea’'"0'i  t e.'ie  i a-*  I n.  ioer  ’ t'i-.  ' . 

A .i.noiry  r.t  illernatives  for  Aater  ouality  vcir  I,  are  irci - 
t v^t-:  adij-^tee  T' • o eC'-"-,on  ri-e  base  for  lar-per  i son , ' over  ir 

t iM  1 V - ^ 

Ibe  benetifs  e-  achievinq  en.;  '•  ;i  r.  i.-ji  ri  r j ‘'i  :t  -iaali:-  ji-  ■ 
in  -he  orariq  f-i  .er  bisin  will  be  widesnnad  .n  ) f .r • iv*'  I n- , -v-n  -r  . :r 
;i  all  o-t  these  bene*  its  sre?  susceptible  r>.easare"ier.t  in  ••-erarv 
values.  Moreover,  if  if-  presunoil  that  the  procedures,  includirc  rutliv 
bearin’-  , throuqh  Ahicti  i-'i  eh  i a an  ' ^ '.v-itr-r  ■lu.ilitv  stind..iidv  were  <-■: 
blishe-l,  justity  the  prerrise  tn.at  the  people  in  the  basir-  .ohsl  ter 
achievef”ent  ,,f  these  quality  standards  to  be  justiried  anj  wn.rth  .-.Mai 
It  ,v  I I i cost,  on  that  prooise,  benefits  of  strraqe  for  water  teal  it, 
ontrcl  were  vcnsidered  +0  be  equivalent  to  the  cost  ct  the  least  costly 
alternative.  The  average  annual  least  costly  alternative  at  .'ackson  is 
estimated  to  be  S330,000  as  shown  in  Table  IV-18.  The  aver.age  annual 
least  costly  alternative  at  Lansing  is  estinated  to  be  }^3O,0Q0  as  shown 
in  T.tb  le  IV- 19 

G.  tfreartlow  Auanentation  Ue.qu  i i tvi'i:  . After  stiidying  t'le  loiratir'P 

• prin.:ipil  rruini  ri  pa  1 -ind  industrial  waste  dincharnec  into  ‘he  ^ r .itici  Rive- 
!hd  it;-  tributaries  snd  also  the  au.an  f i t.it  i ve-  ,)rui  qu.i  I i t.  it  i ve  ch  a .-jcter  i v ’ i c 
of  the  receivim  waters,  two  teaches  of  the  main  ster  of  fl-.e  .'-'  in.:  t\ivet 

Jackson  -jnd  Linsinj  indicaterl  p.'iertial  benefits  < rc"  tl  w .luof'er,  t i ' i r 
ari.j  wer.-'  ..'leotet  tor  wiste  is..  i r”  I I at  i on  studic.;. 

Aaste  ass  ir  i I at  i on  sfudies  w<>re  cc-n.tuoted  t ■ ar'tet”ine  ‘hi-  to;. -I 
stroiftiow  recuired  to  neet  a t angt'-  of  w itcr  niMlify  qoa'o'  in  ‘ho 
Rivt  fol  w .la;l' '.on  .in.)  L.insinc.  nuring  I9r4  intennivo  ■ tr,'!r-  invo'-'i.;,:- 
ficr.  w-n*-  .'ndij.  teii  on  these  rou..t;e;  trips  i-'-tv  , . Mv  .ii;d  Cv  f 'I'l  • . 
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A I'  i*henjti..dl  nodr- 1 repr-.;.  ■ tr,  .•rv:'-  ■ r i-i  ■ • , 

,'urinQ  t(.oso  i ' tens  i ve  sanslinq  pet  I js.  *(,■  ; - I.  ••  . 

'tj  tor  the  .■.as'*‘e  inputs  wi’^tiin  th.'  rt.jty  re::  (i-:  . < t-  u.. 

.V  tS  t . inpuTe  the  lOtuI  ■:  t r r if  t | ,;as  rr-ouire.:  ‘or  r.  ,.|  • 

f :r  Auter  quality  ^.oPT'ni.  I : hds  l-<.  en  js-jureo  ft,  ;t  j qn  ;.,.r  ••  • ••  ^ 

re’', oval  will  be  provided  ter  doth  rrur  i 1 oa  I -.rnt  ir,dt.;''i  ;l  j t-  ■;  i ■ ■•■  ■■  . 

'he  btdte  I i .-ar  r -,5  .^et  :r  '■irir,.-  ; } in_:  ^ 4.;  " :/i 

dissolve*  „xvgor  belcw  both  Lansino  an;  idcKson.  Th<-  " oriten:-'  ■ '• 

starivJard  r,  r di  , lv’".i  oxyno"  I-  . . >n  ' unr  • i iin  with  •■.•r  :.;'i:. 

;T.or,d,)rds  liste;  in  ue;  t : n III,  I I I assure  tne  .absence  nuit.ince  d ' 
r.ond  i t i , '.n‘.  ; perr.it  rc-uredt  i ona  1 iCjO  iiiv.l-.i-  ; i a'  ‘ ' :1  tr,’  ■•*  ; t;  _ - ■■ 
jo  I I ; t i on- * . d erant  ’ i jh  .<i_h  as  carp  and  ottier  rprjti  i:*.-.;  ;in  ■ , ir  er—’or.a  I 

urovicie  tor  the  aesthetic  enjoyment  of  '.le.tr  . ur"  - e wjt<-r.  . ■'■.in’: 

requirenents  to  m.aintain  the  required  dissolv  ’d  oxyg-  n level  sr-,-  shown 
by  month  in  Table  IV-IG. 

The  estimated  ranqes  of  total  stroa'  flow  reqtir  -d  tr.  '■  air.t  in  • 

d i sso  I '■'ed-oxyd?n  concen  t ra  t i on  i.f  A ri  1 I i irdc  : r-”-  I i ’’’r  li’l?w  r - 

f 1 510  cub  i feet  per  second  In  1980  and  10’  to  doO  - uh  I c ,■ 

second  in  2020.  Below  Lansinq  the  sfrpartltws  rtpuired  te  ; 

dissolved  oxyqen  level  of  4 r- i I I i - ;r  P'-r  liter  are  ‘ *-1  ,i"0  i t;l. 

per  second  in  I'tSG  and  It.-O  to  1,760  cub  i c *^cet  ni'r  ^ecr'nd  in  tO.'tO.  ■nr.':.:--- 

in  'iteartU'w  requ  i remc.-nts  tre  prif  jrily  due  t-  |tt’  wide  v-ari  :■*■:  .in  i- 

strea"'  temtarr  ttures  over  the  ye:r.  btrearf|,w  rei-  : i ’ '.•r'-r-n  t • iti-  •.  . ’’ 

the  .:art'ondcoous  ancj  nitrnqonous  cv  le'S. 

rh(’  ability  of  oisfirv;  ■;.  t ro  a”- * I rw  • t,i  ri’,.t  !*'•  .r.  :■  ■■  -• 

can  be  assessed  by  ^cnparinii  the  e’,ti”,)tt;-;  I’aximur-  ‘l.w.  '•  I ’ .. 

2020  with  the  7-i.iv,  on.  • - i n- I 0-vear  low  * I -w  a h.wn  i’  ; |.  , -I  7 . 

The  ampari'ion  indicates  th)t  oxistin-;  l-'w  flows  will  ' • : • ' 

i”i  I ite  the  treater!  waste  di  srh  :r  :l",;  -ii  ,'i.  es.T'  ir.  ’ . '■  : ’’  I ' 

!•' : Ttius,  :orr,e  enmbinttions  of  st''-!mfl.'w  ’i  -r  s'  n ■.  : 

w 1 , r • ■ ‘ r I .,)  < ’•  .'n  I will  1. 1 ■ t o.Ui  i re.!  ft  • ,ich  i -'ve  ‘ h-  w,  1 1 ■ r ' m I ' ‘ . ; • i ' 

4 i ! I i :r  )r"S  t 1 i . I ved  n>  yqen  pr^r  liter'  :n  ■ I W : I-  ■ . ’ ,•  : ’ . - I a - ■•.  ! • : . 

Fr,-  r inr*  ‘-'ivet  tril  t r' i b u t 1 r i • ’S  in  the'  '.r  ,n.l  !•  ip  i ’ A’-  A ’■  ;l  , q- 

,!udi(’:l.  ’ r.'.rul  K }p  i i-  r.,  « punpi”;  I ’.I”-  ”i.'  i ; r .s  ■ ‘ • ‘ ■■ 

)•  ; tr  i.,|  u’-en. 
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7 Day 

Drainage  Station  Average  Instantaneous  Flows  From  Years  of  Avg. 

Area  Years  Dis-  Station  Years  of  Record  Record  Used  in  10 
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Regulation  by  upstream  control  structures. 
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’•  ’'^ater  Quality  at  Jackson.  One  method  of  meeting  water  auality 
standards  in  the  Grand  River  below  Jackson  (assuming  that  secondary 
waste  treatment  will  be  universal  in  the  Basin)  would  be  to  guarantee 
a minimum  flow  of  187  cubic  feet  per  second  by  1980  and  536  cubic  feet 
per  second  by  2020. 

An  alternative  method  is  incremental  advanced  waste  treatment  to 
yield  a chemically  and  biologically  stable  effluent.  Since  only  limited 
storage  is  available  above  Jackson,  incremental  advanced  waste  treatment 
is  the  more  feasible  alternative. 

The  method  of  treatment  considered  here  for  both  Jackson  and 
Lansing  consists  of  chemical  coagulation  and  sedimentation  using  300  mg/I 
of  hydrated  lime  and  50  mg/ I of  ferrous  sulfate  plus  filtration  through 
sand  at  4 gallons  per  minute  per  square  foot  plus  aeration  of  the  final 
effluent  and  pH  adjustment  before  final  discharge.  This  treatment  is  in 
addition  to  conventional  secondary  treatment. 

This  degree  of  treatment  should  provide  an  extrerrely  high  quality 
effluent  and  would  be  utilized  during  periods  of  low  streamflow  when  needed 
to  maintain  the  required  4 mg/1  of  dissolved  oxygen  in  the  stream. 

The  alternative  of  importing  water  from  one  of  the  Great  Lakes 
for  augmentation  was  also  considered.  In  this  case  a pipeline  to  Lake 
Erie  capable  of  augmenting  flows  in  the  Grand  River  below  Jackson  was 
eva I uated . 

q.  Water  Quality  at  Lansing.  One  method  of  'Meeting  wate-  duality 
standards  in  the  Grand  River  below  Lansing  (assuming  that  secondary  w,nt> 
treatment  will  be  universal  in  the  Basin)  would  be  to  guarantee  rii  iru'’' 
flow  of  191  cubic  feet  per  second  by  1980  and  575  cubic  feet  per  soccrd 
by  2020. 

As  in  the  case  of  Jackson,  incremental  advanced  waste  frootmon' 
was  evaluated  as  an  alternative  at  Lansing.  The  incremental  unit  series 
of  treatment  processes  considered  as  an  alternative  was  the  sare  .as  at 
Jackson. 
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h.  .unmjry  oi  Alternative  Costs.  The  unnual  costs  of 
alterrutive  nothods  of  r^'oeting  the  w-iter  Qi;jli1y  prohlerns  c*  “• 

and  Lansing  areas  are  presented  in  Tables  IV-I8  and  l'.-!Q  respectiv*  ly 

i.  Bone  f i ts  ■ I r'p  I erentat  i on  of  the  rocomi-eraat  i ons  err.  tai  nr-:  ;• 
this  report  combined  with  a judicious  selection  frtr-  'he  3I  tr>rri,:t ! vrs 
presented  will  result  in  substantial  improvement  in  the  Qualify  n*  thr 
vvaters  of  the  Grand  River  basin. 

By  their  very  nature  benefits  from  water  qua  I it',  ar-‘  di*fiiSo 
and  accrue  to  all  of  the  citizens  ‘within  the  Basin  and  t‘r'r.i-.-r.  , 

difficult  to  quantify.  However,  the  value  of  +hese  benefits  * Ircii 
citly  considered  in  the  public  hearings  'which  preceded  the  o:ta:  !i  ,■ '■i- 
of  intrast'jte  water  quality  standards  by  tne  M i ch  i cian  ^Vaier  -escur  • 
Commi ss i on . 

It  is  possible,  however,  to  cite  briefly  some  of  tn*  !<-nro:  i 
of  improved  w;fer  quality  in  the  Ci and  River  basin.  ' wners  'd  ;r 
adjacen*  f'  or  near  presently  polluted  waters  will  derive  i-u  r.-a-.>  : 
tic  enjoyment  ,md  enhanced  property  values  from  the  elimlr'3fi!n  .'t  o, 
unsightly  cori'tltions  wheih  result  from  water  pollution.  These  in-  lute 
nuisance  ■-ilq.'il  blooms  stimulated  by  over- ter  t i I i zat  i on  of  the  iQcia'i 
envi ronmen ' . 

Mi.tii  jjn  residents  and  visitors  from  ouf-ot--tate  wt>.-  ,j  . v, 
area's  streams  and  lakes  for  swi"v;ing,  water  skiing,  boatin;',  )i  : ■ f '-r 
w.iter-or  i ented  recreation  will  be  ptofected  against  into,  : i ou<  ti  •■'.  ■ 
which  f an  t'>'  spread  by  polluted  water.  The  sport  fishorm,>n  will  • 
additional  'isninc;!  areas  and  improved  fi-st'ing  as  .1  L'C'no*  i t . ‘ * o ■ ' 

water  quality.  As  a return  on  its  invetstmen*  in  cl-  or  w-tor, 
will  share  in  the  benefits  from  better  quality  w.ifor  tor  all  c • 

In  addition  to  these  irccmodicito  and  direct  Ictuio  t i ■■■;•  l‘'•'  ■ i 

bution  of  a i‘ leaner  Grand  ITiver  to  the  pr  oservat  i-c-n  ,rn.l  prc'to  tic  , * 
quality  of  fh-  w, iters  of  Lake  L’icfiiiian  1'.,  .iri  imprMt.inf  Pea*';  ,,nc)  \ 1 * 
to  the  'Jation.il  wiilfare. 
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SECTION  V - PLAN  B 


1.  INTRODUCTION 

a.  Results  of  public  hearings  and  public  reaction.  Section  V and  the 
alternative  plan  (Plan  B)  contained  herein  are  a result  of  the  public  reaction 
to  the  original  plan  (Plan  A).  Public  expression  was  received  both  at 
hearings  held  in  1970  and  through  subsequent  correspondence . 

Prior  to  the  public  hearings,  a draft  of  the  first  three  sections  of 
Appendix  Q (then  titled  Basin  Plan  of  Development)  had  been  released  to  the 
public.  The  draft  report  identified  water  resources  development  needs  in 
the  Basin  and  proposed  for  public  consideration  an  explicit  plan  for  develop- 
ment of  the  resources  to  meet  the  needs. 

Needs  were  identified  for  recreation,  fish  and  wildlife  habitat  enhance- 
ment, flood  control,  water  quality  enhancement,  water  supply,  irrigation, 
drainage,  land  treatment,  and  commercial  and  recreational  navigation.  The 
river  was  identified  as  a largely  neglected  environmental  aesthetic  resource, 
and  the  imp lementation  of  an  extensive  system  of  ''valley  preserves"  was 
visualized  as  a means  to  preserve  and  protect  the  river  and  adjacent  lands 
for  the  enjoyment  and  utilization  of  future  generations. 

The  purposes  to  be  served  by  the  plan  included  maintenance  and  improve- 
ment of  water  quality,  provision  of  adequate  water  supplies,  development  of 
water  and  related  land  resources  to  provide  increased  opportunities  for  out- 
door recreation,  improvement  of  fish  and  wildlife  habitat,  increased  efficiencies 
in  agriculture  through  land  and  water  management,  reduction  in  flood  damages, 
construction  of  improved  channels  for  recreational  and  commrjrcial  navigation, 
and  improvement  of  the  river  for  aesthetic  as  well  as  utilitarian  purposes. 

Plan  A included  two  multiple-purpose  reservoir  complexes  of  three  pools 
each,  on  the  Red  Cedar  River  and  the  Upper  Grand  River,  both  upstream  from 
Lansing;  fifteen  other  multiple-purpose  impoundments,  most  of  which  were 
small  impoundments  to  serve  recreation  and  fish  and  wildlife  needs,  forty-two 
watershed  development  programs  (fourteen  of  fhem  scheduled  for  early  action, 
and  twenty-eight  recommended  for  future  development),  and  accelerated  land 
treatment  for  481,200  acres  of  crop,  pasture,  and  forest  land;  i mprovemtjnts  for 
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both  commerciol  and  recreational  navigation;  local  flood  protection;  preserva- 
tion of  streams  and  related  land  through  the  establishment  of  valh'y  preserves; 
and  other  programs  to  serve  the  needs  of  the  people  of  the  Basin.  Ihis  plan 
was  predicated  on  the  assumption  that  waste  treatment  facilities  would  be  ade- 
quately constructed  to  meet  the  water  quality  standards  adopted  by  the  State 
of  Michigan. 

the  public  hearings  were  held  on  7,  8,  and  9 April  1970  at  Grandville, 
Lansing,  and  Jackson.  One  afternoon  and  one  evening  meeting  was  held  in  each 
city. 

testimony  on  the  plan  and  elements  thereof  was  varied,  but  the  elements  of 
opposition  were,  in  general,  more  vocal  than  elements  of  support.  In  particular, 
mach  opposition  to  the  p I .in  was  voiced  by  persons  who  own  property  in  identified 
DOtential  reservoir  sites. 

The  rural  residents  of  townships  where  recreation  reservoirs  were  proposed 
were,  in  genera  I , fearful  of  the  influx  of  urban  recreati on i sts  from  the  larger 
cifies  of  the  Eiasin.  In  some  cases  they  voiced  ttie  opinion  that  cities  should 
provide  their  own  recreation  opportunities  for  their  own  people,  rather  than 
.iubjeut  the  adjacent  rural  areas  to  disruption. 

Much  opposition  was  expressed  to  the  reduction  in  local  tax  base  which 
results  from  conversion  of  private  property  to  public  ownership.  Many  citi.'ens 
have  been  subject  to  recent  tax  increases,  and  are  hostile  to  any  public  improve- 
ments that  mi  iht  further  increase  their  taxes,  directly  or  indirectly,  especially 
when  the  benefits  of  the  improvements  are  regional  rather  than  strictly  local. 

Many  citizens  felt  that  the  report  should  contain  specific  recommendations 
fvir  idvanced  waste  treatrTHant  facilities.  In  particular,  they  expressed  doubt'-, 
about  the  necessity  tor  and/or  efficacy  of  low  flow  .juamentation  as  an  approa.  h 
to  w iter  qualify  control. 

I here  were  also  widespread  expressions  of  anxiety  about  the  ecoloai'il 
eftects  of  reservoir  construction.  Unfortunately,  the  kind  of  detailed 
■ .o|o,)ic,il  impact  study  that  must  precede  actual  .luthor  i .’at  i'.ni  of  < proje,  t 
for  con'jtruu  M on  is  beyond  the  scope  of  a broad  ctimprt^hons  i ye  planriir,;  tudy. 
Al'houjh  env  i ronmt'nta  I factor',  are  taken  into  account  in  th(>  co'’'br''hensi  ve 
pi  inning  process,  there  inevitably  rem.iin  som<’  un.in'.wcft'd  .gue.tion'  , which 
-Mnnot  b>'  resolved  until  thfi  initiation  of  det.iiled  pr'ije,  f pl.e.r'i'  :.  Althouih 
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this  is  to  somo  extent  'rue  ot  .iny  prcj--',  it  is  p irt  i ,.u  I er  I y tr,.c  r.‘  r.S'.r- 
voirs,  which  inevitably  have  s..bst,irit  i a I '.-nv  i '"on'-.i.-n+.i  I i"pi:ct^,  ' ’re" 

bt-Tietici  :1  anJ  so"'o  aT  therr  ■dversc.  The  very  presence  ot  uran-,.-.-  r . : c i ,.,i 

however,  tends  to  create  C'ppcsition  to  propc^sals  for  farther  inver+i  riti—  , 
Ihis  opposition  w i".  er-.cour;t-oreJ  in  addition  to  the  otnrr  tvo^'r.  o'  > p;  ,Iiirn 
ent  i once . 

0.  Recocnit'o-.  ot  rut^lic  od?os  i ’ : c . •Man  A *as  devised  'ey 
Coordinating  Co'"".  i t : as  a lonq-ranrio  plan  to  :.erve  ttie  needs  o’  "t"  ."•■':■>■-■ 

of  ttic  Grand  River  basin.  It  was  The  result  of  years  of  efforT  bv  ■ rs 
specialist'.,  in  t>oth  *';e  Federal  aric  State  cov  er""  e';ts . and  it  i ( n • r -s 
prelir.inary  analysis  can  dcter"-ine)  a ■'echn  ic  M I •,•  s'"un:  pi  n .•  -,i  ; " 

the  oconen-.i^  ‘ r.-cr  :"iot.-l  needs  of  the  nr  nl-  as  inJirate-.:. 

A plan  carmot  be  however , on  "he  ''as  is  of  tacruii^al  soundness 

alone.  The  fact  of  public  opposition,  neq^udless  of  the  reasons  tor  it.  is 
in  itself  a factor  as  irr.pcrtant  as  anv  technical  cons  i derat  i c- . plar  "-ust 
possess  social  a'centab  i I i tv  in  order  '■o  be  capifMe  of  i"'p  U:""<nT  .-ti.  n ; is-  it 
is  ultimatelv  the  right  a.nc  rescons  i b i I i ty  of  "'he  citicens  ot  tpf.  ’ t rl 

their  own  future,  through  gover  nfrenta  I ana  other  i ns  t i t,.  t i ons  whi  " tr-  bc'r 

sensitive  ant  responsive  to  public  opinion. 

It  was  in  order  to  be  sensitive  and  responsive  that  pt.blic  heirirics  were 
held  and  public,  expression  encounaged.  There  is  ne  assurance  M"!"  all  se-'"';r 
of  the  Public  wer  <>  .adequately  represented  at  the  hiarinis,  but,  i r:  ase, 

the  viewpoints  of  those  persons  who  took  the  ti'ne  ar.1  ■‘rouble  to  ;rrr  ■*  ‘ " 
hearings  and  present  thein  point  of  view  (or  w*  o expr^ssoi  t'-e- ■ .p  | . ■ . ;•  “c 
tangible  ways)  ""ust  be  given  especial  cons  i dena  t- i r'  , '.int.-e  it  Is  I •■ 

to  adequately  assess  md  give  proper  weiyha  to  the  viewpoir  -f,  cf  T’’’  j'"'S  ■n'e 
re"i,a in  silent. 

It  was  ev'dnnt,  therefore,  that  thc'e  was  .ufficiont  p,['iic  ■,  ppr  , i ■' i an  • 
justitv  the  formulation  of  an  alternative  plan. 

c.  Plari  B.  As  a conseq  >ence  of  public  opposi'i'.ni  fo  t^la"  . “• 
Coordinating  Comrittee  felt  .in  .T-li  ;i*i  to  i rr  I in  Apprr;;i-  . ‘ ‘ >l‘e-'-,: 

clan  which  would  ox'lude  the  proposal"  f-n  '.jrther  i r.v  en+ ' ' -.r-  ‘ ■.  rti'ii 

ni  1 1 Ip  le— purpo_-.(  reenv,  in  si'es. 
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Pkin  B jttompts  to  be  responsive  to  suggestions  end  priorities  proposed 
Dy  ihe  pup  lie.  Vidter  quality  enhancerm.-nt  is  further  identified  in  PI  m B as 
the  highest  priority  need  for  water-  resources  development  in  the  Grand  River 
Das i n . 

Specific  proposals  are  included  in  the  plan  tor  the  achievement  of  State 
■vater  quality  standards  in  the  Basin.  Plan  B discusses  several  advanced  waste 
treatment  processes  including  spray  irrigation  as  possible  alternatives  for 
meeting  the  long-term  water  quality  needs  in  the  basin;  and  it  excludes  propo- 
sals for  further  development  of  multiple-purpose  reservoir  sites,  and  discusses 
alternative  means  of  satisfying  needs  for  recreation  and  flood  damage  reduction. 

PLAN  :• 

a . .'jaste  Collection,  Treatment,  and  Disposal. 

(I)  I ntroduction.  Since  the  preparation  of  Plan  A,  the  '.fate  of 
Michigan  has  prepared  a water  quality  management  plan  for  the  Grand  River  basin 
in  response  to  the  July  1970  requirements  of  the  U.S.  Environmental  Protection 
Agency.  The  State's  interim  plan  tor  the  basin  has  subsequently  been  approved 
t)y  the  Environmental  Protection  Agency.  The  interim  water  quality  plan  like 
tn>>  water  quality  teatures  of  Plan  A,  acknowledges  the  ongoing  state  proarams 
and  has  short  range  goals  of  providing  waste  treatment  necessary  to  meet  the 
-,tate  water  quality  standards.  A long  range  program  will  be  provided  in  later 
revisions  of  this  plan. 

Plan  !•  adopts  the  State's  interim  plan  tor  the  basin  as  the  primary 
vehii.le  through  which  State  water  quality  standards  are  to  be  met.  As  stated 
above,  iMan  B also  discusses  several  advanced  waste  treatment  processes  and 


land  disposal  (^pray  irrigation)  as  possible  alternatives  for  meeting  L'ng-ferrt' 
q.j.illfy  prohlem-  and  needs  in  the  Brand  River  Oasin.  Plan  L'  differs  fts''’;  P|jn  A 
i •’  ffiat  it  does  not  provide  for  or  anticipate  the  use  of  low  flow  au.imentat  ion 
js  an  integral  pirf  of  the  water  quality  management  program,  although  it  joes 
iri,iicafe  where  the  augmentat iori  of  stream  flows  in  the  basin  would  bo  htlpful. 

With  the  exception  of  a detailed  appendix,  the  State  of  Mi  -si  ;.if 
Interim  A'afer  Quality  Management  Plan  tor  the  Gr:itid  River  basin  i . repr  inted 
ht're  (paees  V-A  thru  V-128)  for  general  information. 


V -.1 


( 2 ) i . r a n d River  Ba b i n_ I nter  i n .Vater  y)ua I I 1 y Manaaomen t Pl.^r  . 

(a)  Ob.)i;ctive  of  the  Plan.  This  interim  water  qaality  plan 
has  been  developed  to  provide  for  a sound  course  of  action  to  at>ate  exirtina 
pollution  and  to  provide  tor  the  maintenance  of  water  quality  standards. 

It  is  specifically  intended  to  consider  the  water  quality  i"pli- 
cations  of  imposed  municipal  sewage  treatment  plant  construction  in  the  ^rand 
River  Basin.  the  major  goal  of  this  program  is  the  maintenance  of  water  quality 
stand.irds . 


(b ) Basin  Description. 

I.  Geography . with  the  exception  of  about  48  miles  in  the 
western  Upper  Peninsula,  all  the  land  area  of  Michigan  drains  into  the  Great 
Lakes,  either  directly  or  through  tributary  river  systems.  '^he  ^reat  Lakes  and 
the  lands  that  slope  into  them  constitute  a major  portion  . f the  t.  1 awrence 
River  drainage  area,  which  outlets  into  the  Atlantic  Ocean. 


the  watershed  or  drainage  basin  of  a river  or-  stream  com- 
prises all  the  land  that  contributes  to  its  flow.  Major  river  basins  are  com- 
posed of  many  smaller  watersheds.  Because  of  the  near  proxlr.lty  of  the  Great 
Lakes  and  the  State's  low  re  1 let,  or  elevation,  Michigan's  drainage  ba-:ins  are 
comparat i ve I y small  and  the  river  gradients  are  usually  gentle. 

This  report  covers  the  portion  of  Michigan  drained  bv  ^he 
Grand  River  and  its  tributaries.  (W1 -OH-’iO) . Pollution  control  plans  for  the 
bras  in  are  contained  heroin. 

A drainage  area  of  h,b70  square  mi  lev  make;-  the  Grand  River 
basin  the  second  largest  basin  in  Michigan.  I here  are  six  major  frit'utaries  to 
the  Grand  River.  They  are  listed  below  with  their  respective  drainage  rireas . 

River  prainage  Area  (Sq.  Miles) 


Flat  578 

Look  i ngg  I ass  2''*0 

Maple  '770 

Red  Cedar  T72 

Rogue  2R7 

Thornapple  84^ 
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Mo'jt  of  fho  b-isin,  which  includob  all  or  part‘d  of  18  counties, 
njb  po.  If  natural  drainage  as  i-..  ovidorui':  t'y  numorous  lakes,  swanps  and  art  i f i - 
i a I drai  n,'  . 

In  I8'f7  fhe  newly  arqaniri}!  St  !f>>  launched  an  extensive  pro- 
;rjr  of  internal  i mprovements  — Ccanal,  railp'.ad  and  road  building.  Part  of  this 
scheme  was  fhe  "oaginaw  and  Northern  anal,''  which  was  to  link  the  Bad  (jaginaw) 
and  Maple  (Grand)  river',  providina  trans-state  navigation.  Work  started  in 
1858  and  pro  iresst  ; into  the  next  year  bt fore  fitiancial  disaster  overtook  the 
State  and  ended  caiial  buildini.  However,  Michigan  did  successfully  improve 
navigation  an  the  Grand  River  from  Lyons  to  Grand  Rapids  in  1848.  This  allowed 
the  estop  1 i shront  of  regular  steamer  service,  which  was  used  to  tow  flat  boats 
up  and  down  the  rivt'r.  The  Grand  f^iver  bt' I ow  la'and  Rapids  was  maintained  for 
navigation  for  manv  yf'ors  aiid  was  last  improved  (fi.ir  the  entire  distance)  in 
I9I0.  Af  that  timt'  a 1 00  f 'Of  witte,  6 foot  deep  channel  was  developed,  but  only 
limited  i'ommercial  use  was  made  after  the  last  improvement.  The  lower  I7  miles 
of  the  Grand  is  prest'nfly  maintained  for  navigation. 

2.  Pops  I af  ion.  Land  Use  and  Tconomy.'^  All  or  parts  of 
four  state  planning  regions  are  located  within  fhe  Grand  River  Basin.  For  pur- 
poses of  this  report,  population,  I and  use  and  economy  of  the  basin  will  be  dis- 
cussed individually  wifhin  cacti  planning  region.  Lour  counties  have  less  than 
h pt^r -I'nt  of  fhtiir  kind  irea  wifhin  the  Gr'and  River  Basin.  Those  counties  will 
not  be  included  in  the  aliove  mentioned  discussion. 

Jackson  Region.  Jackson  County  is  the  only  one  in  this 
planning  region  with  a significant  portion  being  in  the  river  basin.  Jackson 
''■'unfy  is  crossed  tiy  a major  o,3st-west  expressway  runnini  between  Detroit  and 
|':hic,igo.  It  also  h.is  good  connections  with  other  major  cilie-  . There  is  grc'wing 
general  manuf acturi ng  in  the  Pity  of  Jackson.  The  m.ijcr  recreation  attraction 
in  the  region  is  outside  fhe  Grand  River  Ba:- in. 

Agriculture  consists  mainly  ot  general  livestock  and  corn 
production.  Soil  . arv  generally  produi  five,  grvwina  ,ea‘,on  is  longer  than  average 
tor  the  Stitv-  and  I rrae  arban  m.irkets  are  ne.irbv. 


‘ .'iilliam  J.  Kimball  and  I’-ordon  Bachman , lounfy  and  Pi'.triv.t  Land  Use  Patterns 
in  Mivhis.in,  Michigan  Sfaft'  Liniversity  .s.operafive  ixtension  T-  rvicr',  Januar\  , 
l'>b'>. 


Ka I ama^oo-datt I e Creek  Rcjlon.  .;f  the  i ‘hi  ' 

region  only  darry  County  is  partially  within  the  Grand  P.iver  Bu-iin.  ■ "‘•ajor 
highways  cross  Barry  County,  but  access  to  Grant  Rapids,  Kalar.aci".  , uiittic-  ..reek 
and  Lansing  is  easy. 

Topography  is  rolling  and  the  many  lakes  r;,ake  ‘tie  anty  ideal 
for  recreation  use.  A large  state-owned  recreation  area  i-'  in  the  ',;oi'-'ty,  but 
Outside  the  basin.  Barry  County  is  not  as  well  suited  tc  acr  i ■ u I t..t as  is  the 
remainder  of  the  region  although  some  dairying  and  general  livestock  farming  is 
*'arried  on. 

Grand  Rap  i ds-Muskegon  f^egion.  This  planning  rogii'Si  is  larie, 
but  it  is  not  entirely  within  the  Grand  River  Basin.  Ionia,  Kent,  Montcalm, 

'ttdw  j and  Newaygo  are  the  counties  in  the  region  v%hi  :h  are  at  least  partially 
in  the  basin.  Grand  Rapids  is  the  region  center  and  is  experiencing  a rapid 
expansion  and  concentration  of  population.  The  city  is  also  a major  airlines 
center  in  the  State.  A major  east-west  expressway  crosses  the  rciion  .-nd  there 
are  several  commercial  shipping  ports  along  Lake  Michigan  (one,  n .n,.:  t^aven,  i 
i n the  bas in). 

The  Lake  Michigan  shoreline  provides  the  major  recreation 
features  of  the  region. 

Agriculture  in  the  region  is  devoted  primarily  fo  truck 
farming,  dairying,  fruit  and  poultry  production. 

Lansing  Region.  Clinton,  Eaton  and  Ingham  counties  comprise 
fhe  Lansing  planning  region.  These  counties  are  almost  whcliy  within  the  ranif 
Ri ver  Bas i n . 

The  Lansing  District  is  rapidly  expanding  in  population,  ii' 
urban  growth  and  in  industrial  and  commercial  growth.  It  is  a confer  of  State 
government  (State  Capitol),  a center  of  education  (Michigan  -Mate  university), 
and  a center  of  industry  (Oldsmobile  and  other  automotive  plants).  Lansina  i 
also  a major  insurance  and  organizational  headquarters. 

A major  north-south  highway  as  well  as  an  Interstate  hiahway 
run  fhroujh  the  district.  New  additions  to  the  Interstate  ‘.y.+em  have  linked 
fh(>  disfrict  with  the  major  east-wesf  Interstate  highway  t'O+ween  .'.Mr,  it  and 
:,'h  i cago. 
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1970  GHAND  RIVE'R  BASIfJ  POPULATION  DATA 


y 


Population 

Approximate  in  Banin  Percent  Change 


County 

Percent  in 

Basin  1960 

1970 

1960- 1\ 

Barry 

74 

23,518 

28,281 

20 

Clinton 

100 

37,9t>9 

48,492 

28 

Ea  ton 

71 

35,029 

48,423 

38 

Gratiot 

15 

5,642 

5,982 

6 

Ingham 

100 

211 ,290 

2ol,0J9 

24 

Ionia 

100 

43,132 

45,848 

6 

Jackson 

90 

118,109 

128,202 

9 

Kent 

100 

363,187 

411,044 

13 

Livingston 

9 

3,595 

5,307 

48 

Mecosta 

2 

339 

447 

32 

Montcalm 

78 

28,237 

31 ,272 

11 

Muskegon 

6 

9,314 

9,445 

2 

Newaygo 

11 

2,734 

3,079 

13 

Ottawa 

51 

50,021 

64,949 

30 

Ihiawassee 

23 

12,276 

15,668 

28 

■Washtenaw  ( 

|«  I*  ihon  ) < 1 

<1,000 

<1,000 

Atlegan 

< 1 

<1,000 

< 1,000 

Calhoun 

<1 

< 1,000 

< 1 , 000 

H illsdale 

< 1 

<1,000 

< 1,000 

Total* 

444,398 

1,107 ,478 

17 

* Excludes 

the  counties 

with  less  than  1 

,000  in  the 

basin. 

1/  U.  S.  Department  of  i 

Commerce , Bureau 

of  the  Cans 

us,  1970, 

Census 

of  Population 

, Michigan 

MydrolO'jy ■ The  naturdl  streanifl'  w pdttcTn  of  the 
bjbin'o  rivu;  jn-  rather  firmly  fixed  - alternating  between  ■c.priny  highs  and 
late  sarrifTK'r  lows.  There  are,  of  course,  variations  and  fluituations  - major 
floods  and  severe  droughts  do  occur.  However,  the  norrtvj  I year-in,  year-out 
streamfl.'A  patti.-rr,  is  a product  of  the  physical  condition  of  an  individual 
river's  Jrainage  basin.  A pattern  that  reflects  ttie  ..mpined  effect  of  climate, 
topography,  gedogy  and  vegetative  cover.  Basin  ■ t-,>arflow  recoreds  and  recorded 
extrerrv'.  wt-rc  '.tu.wn  in  table 


The  7 day,  10  year  average  flows  are  shown  in  table 


Table  V-!> 

7 Day,  10  Year  Low  Flows 


Station 

7 Day , 

10  Year  Low 

Grand  at  Jackson 

21.0 

Grand  at  Vimondale 

66.0 

Grand  at  Lansing 

72.0 

Grand  at  Grand  Ledge 

87.0 

Grand  at  Portland 

105.0 

Grand  at  Ionia 

181.0 

Grand  at  Grand  Rapids 

681.0 

Grand  at  Grandville 

811.0 

Grand  at  Grand  Haven 

898.0 

Red  Cedar  at  Williamston 

7.0 

Red  Cedar  at  East  Lansing 

8.0 

Looking  Glass  at  Dewitt 

13.0 

Sycamore  Crook  at  Mason 

2.0 

Maple  at  Maple  Rapids 

7.0 

Maple  at  Muir 

19.0 

Flat  at  Greenville 

69.0 

Flat  at  Smyrna 

118.0 

Thornapple  at  Nashville 

13.0 

Thornapple  near  Hastings 

46.0 

Thornapple  at  Caledonia 

113.0 

Carrier  Creek  at  Delta  Township, 

Eaton  County 

0.11 

Rogue  at  Rockford 

61.0 
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STREAMFLOW  RECORDS  AND  RECORDED  EXTREMES 
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Water  Qua  I i ty . 

3.  Existing  Water  Quality.  The  chemical  compos i hi  on 
of  water  In  lakes,  streams,  and  in  the  ground  is  basically  the  product  of  the 


region’s  environment.  The  measurement  of  quality  is,  in  effect,  a partial 
determi nati on  of  that  environment. 


Within  practical  limits,  the  prime  source  of  Michigan's 


fresh  water  - precipitation  - is  uniformly  pure  as  if  falls  across  the  state. 
The  ultimate  quality  is  then  the  result  of  additions  from  the  materials  the 
waters  run  across  and  through  and  the  natura I and  cultural  additions  after  fhe 
waters  have  reached  a lake  or  stream. 


Drainage  basin  influences  upon  water  quality  are 
partially  reflected  in  the  appearance  of  the  stream.  Sandy  soils,  wi fh  their 
receptiveness  to  infiltration,  tend  to  support  clear,  cool  "frout  waters,"  while 
thfc  heavier,  less  pervious  soils,  with  their  associated  overland  runoff,  tend  to 
support  more  turbid,  warm  and  fertile  streams.  However,  other  water  quality 
aspects  may  be  quite  invisible  and  an  apparently  "pure"  brook  can  be  chemi  .'a  I I y 
and  bacter io I og i ca I I y inferior  to  one  whose  tannin,  algal  or  sediment  content 
would  identify  it  to  the  layman  as  being  polluted. 

Seasonal  and  climatic  changes,  land  use  practices,  and 
industrial  and  municipal  uses  may  be  reflected  in  water  qualify. 

A casual  water  sample  is  apt  not  to  produce  a true  indi- 
cation of  surface  water  quality.  Usually  a true  picture  can  be  developed  only 
from  studies  over  a period  of  time,  that  include  all  of  the  conditions  that  may 
alter  the  three  principal  criteria  of  water  quality  - chemical,  physical  and 
biological  composition. 

Streams  with  fairly  constant  flow  tend  to  maintain  fairly 
uniform  water  quali'*'y,  except  as  altered  by  man's  additions.  With  great  season  I 
variations  in  flow,  variations  in  water  quality  are  usual.  During  peri  >dn  . < I 'w 
streamflow  the  main  sources  are  groundwaters , consequently  fhe  basic  wafer  (qualify 
is  that  of  the  grcundwafers.  Conditions  that  lead  to  high  runoff  durin.j  the 
np’"ing  may  result  in  substantial  land  wash  which  can  bring  sediment,  orrerei  ii 
fertilizers,  and  the  accumulated  debris  of  urban  areas  to  a stream,  yt'f  . be.  a.j'-e 
of  the  I arge  addition  to  flow,  miy  not  deteriorate  the  water  qu.jlity.  Th.> 


appoarjnce  of  a stream  during  these  periods  of  high  flow  is  not  a reliable  indi'  i- 
t ion  of  its  qua  I i ty . 

The  following  discussion  of  rriunicipal  wastewater  troat- 
mt'nt  plants  is  a complete  listing  of  all  existing  or  proposed  facilities  in  the 
Grand  River  Basin.  In  each  river  basin  discussion  begins  with  the  most  upstream 
community  and  progresses  down  river. 

1 . Grand  River 
Jackson  Area 

The  Grand  River  has  its  beginnin;;  a few  miles  south  of  the  City  of  Jackson 
in  Hillsdile  '.ounty.  it  is  fill  a small  river  when  it  roaches  this  growing  in- 
dustrial i .-ed  center  of  population.  The  wastewater  treatment  plant  i ri  Jackson 

presently  serves  about  50,000  people  including  some  residents  of  adjacent 
townships  and  some  nearby  industries.  This  plant  has  an  average  discharge  of 
10.50  MGD. 

A June,  1967,  agreement  with  the  Michigan  Department  of  Public  Health 
called  for  upgrading  of  present  treatment  (to  a modified  activated  sludge  plant) 
and  construction  of  a stormwater  retention  basin.  These  facilities  are  now  under 
contract  to  be  constructed. 

Waste  discharges  from  the  Jackson  area  are  limited  to  1,700  pounds  per 
day  of  u I M mate  BOD  of  which  no  more  than  400  pounds  per  day  can  be  5 day  BOD. 
Those  restrictions  apply  during  the  four  summer  months  (120  days).  The 
remainder  of  the  year  95  percent  BOD  removal  is  required.  These  restrictions 
are  based  on  a low  flow  of  20  cfs. 

Because  of  fhe  plan  for  Jackson  to  treat  the  wastes  from  por'*iorr‘ 
iHackrran,  'lapoloon,  >pring  Arbor  ana  ''u^arif  Townships  (an  additioral 
pi!ople),  and  because  Leoni  and  the  remainder  of  ?prirg  Art'or  Township'.  v.lM  .•  - 
sfruct  lagoons  and  use  spray  irrigation  fhoroby  not  discharging  to  ‘'i  ■ I \s  ■ , 

fhe  City  of  Jackson  h.as  been  allotted  OA  percent  of  the  tot  i I illo.'.  I-  ''I'l  . 
remaining  6 percent  is  .jliotted  to  Southern  Michigan  Prison.  The  pri'r-  ;■  t 
giving  serious  consi  derat  ican  to  joiri'i'j  the  Jncksor.  Waste  Trertrron! 

Jackson  received  1970  State  and  Fodera  I qr.ants  to  upgradr'  treatr-ani  i r..  I ais 
phosphorus  rom-ova  I . 


Alternatives  suggested  include  low  flow  auqmeri  f^jt  ion  , This  c I U-rna*  i 
was  examined  by  the  then  Federal  Water  Qualify  Ann  i n i stra  t i on  and  nof  fo^nc  " 
satisfactory.  River  volume  needed  to  assimilate  the  increased  vo  I umr-  of  r,-'-- , 
from  the  Jackson  W.W.T.P.  by  1980  is  likely  to  exceed  the  maximum  physical 
supply  of  water  obtainaole  fron  the  river.  An  average  annual  flow  of  187  "fs 
will  be  required  by  1930,  but  the  average  annual  ficw  for  Jl  years  of  re^ t , ; 

III  cfs.  The  Grand  River  Basin  Study  for  possible  dam  sites  identified  '*■  ■ 
such  sites  above  Jackson.  If  all  three  sites  were  used,  rlow  would  still  " * : 
sufficient.  The  study  also  propcsod  a series  of  dams  below  Jackson  art  ■irj''..p  ■- 
tat  ion  of  waste  below  the  dams  but  this  was  dropped  because  of  social,  'dor''"'i  ;l 
and  political  unacceptability. 

Other  long-range  alternatives  are  on  land  disposal  and  advancec  trea'- 
ment  and  flow  augmentation  by  bringing  water  in  from  the  Great  Lakes. 

Grass  Lake 

Presently,  Grass  Lake  is  served  by  individual  septic  tanks  ar.d  sc-epu 
to  the  Grand  River  is  occurring  from  these  tanks.  The  village  has  applied  'cr  > 
1970  grant  and  has  refiled  this  application  for  1971  to  obtain  funding  for  a I -- 
goon  system  to  serve  a design  population  of  1,200. 

Spring  Arbor  Coilene 

Spring  Arbor  Col  lege  is  served  by  their  own  laoocn  syste'''  with  spr  ty 
irrigation  which  provides  adequate  treatment.  Spring  Arbor  Tewnshir  is  cons' dor i-g 
the  possibility  of  using  this  facility  along  with  the  college.  Expansion  o'  th-.r 
lagoon  system  is  being  considered  as  part  of  the  Jackson  County  Me^ro  Are.;  Fla:-. 

Les  I i e 

This  community  of  approximately  1,800  is  being  served  by  a pri"'irv 
wastewater-  treatment  plant.  At  this  time,  the  treat'-ient  is  adeouaf'.'  ro  '•■-‘t-'-r  ■ 

water  quality  standards  of  Huntoon  Creek,  althouah  ‘uture  population  croWh  - 
may  alter  this  situation.  Wafer  qualify  evaluations  will  monitor  the  need  1a 
upgraded  treat"enf  in  fhe  tufure.  Combined  sewers  cause  ex-crssi'.e  f liw.s  -fr-'  i i- 
the  plant  and  there  is  a need  to  separate  the  stormwater  and  sanitary  .. 

Eaton  P.apids 

As  the  river  progresses  through  Eaton  County  it  receives  ft)0  di  .. 
of  the  City  of  L.iton  Rapids  w’.W.T.P.  1 he  city  was  given  a E I na  I Ordii  o'  .I'C  • 

miration  by  the  Water  (Resources  Ccrimission  which  . illed  for  rorsoval  ■:  d . ?•  ic^  ■ ■ 


V-ih 


ot  the  phosphorus  cor  pounds  in  +he  ef  f I u<  t;* . Since  The  tirre-toble  for  ■ r.c 

Final  Order  has  not  teen  fol  loi^ea  by  F.aton  Rapids,  the  Corr.rri  ssion  has  ordo^  ed  ; 
sho'A  cause  hearing  for  the  city. 

Ihe  Eaton  Rapids  olant,  which  provides  primary  trea1"-ent,  discharges 
an  average  ot  I.  I MGD  to  the  Grand.  ir.ousfrial  wastes  treated  include  cannery, 
paper,  pickle  and  stamping  wastes.  Design  population  for  the  plant  is  ‘‘•.‘"Cj 
and  average  design  flow  is  I.O  MGD.  The  plant  is  operating  at  or  near  caDacir%'. 
Expansion  of  facilities  will  be  necessary  in  the  near  future.  A phosphorus 
removal  study  has  been  completed. 

D imonJa le 

Private  septic  tanks  were  used  for  sewage  disoosal  in  Dimondijle  unti  ■ 
this  year.  In  1 967,  a ^inal  Order  of  Determ' nat  ion  was  issued  +o  “^hr.  , i | I a ;r- 
ordering  them  to  abate  pollution  of  The  Grand  River.  The  village  received  a 
WPG  grant  in  1 968  and  a secondary  wastewater  treatment  system  was  jusf  “cmcleT- 
The  plant  provides  treatment  by  the  activated  sludge  method.  Effluent  is  dis- 
charged to  gravel  lined  pits  and  is  allowed  +o  percolated  into  the  ground.  An 
overflow  pipe  is  provided  for  discharge  from  the  pits  to  the  Grand  ^ivor.  Tl-ic 
design  population  is  2,000  with  avera'ae  daily  flows  of  0.2  MGD. 

Lansing  Area 

In  the  Lansing  Metropolifan  area  there  are  two  large  W.W.i.P.'s  an; 
three  smaller  plants  discharging  to  the  Grand  or  to  tributaries  near  Their  con- 
fluence with  the  Grand.  Lansing,  Delhi  Township  and  Del+a  Township  discharne 
the  Grand  River  while  East  Lansing  discharges  to  the  Red  Cedar  River  are  Mason 
uses  Sycamore  Creek,  All  five  municipalities  have  either  signed  stipulations  wi-^h 
the  Wafer  Resources  Comrassion  or  are  under  order  to  remove  at  least  90  ptrcen+ 
of  the  phosphorus  compounds  from  thnir  waste. 

Lans i ng 

Lansing's  f Innf  has  a desigri  population  of  178,000  and  a'^  ' in*-  d'-'si  ;n 
flow  of  31.0  MOD.  The  average  daily  <Jischdrar  is  7,l.O  rrilliori  Gallons.  Lapsir--, 
has  received  grants  in  1964,  196'=,  196/  and  1970  for  irr.provira  arid  < ypar,  ;i'.  ; 
waste  treatment  fa-.iliries.  Pro  I ir-^a  nary  plarm  far  phosphorus  mmoval  hiv  : ■ 
sulimittcd  to  the  Comrr.i  ssion.  A combined  sewer  system  msaits  jn  oxo  s i . : fl  ws 
during  heavy  rainfalls.  ihe  axceris  f Icw  is  typas-.e  ) to  the  riv^r  af*'  - i' 
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primjry  treat'^ent  ancj  chlorination.  Pifty-five  re-oulatlno  str'a- 1 jf^r  art 
a four  million  gallon  rotonti on  basin  overflow  Curing  wet  weather.  Tte  ri^y 
has  begun  a project  to  separate  sc-.o  of  these  sewers.  Industrial  wastes  ^ ~ i - 
to  the  treatment  plant  originate  from  plating  plants,  foundries  and  j'  ; 

automob i le  p I ants. 

The  Water  Resources  Commission  adopted  a H na I Crder  against  tarsi'  . 
on  June  25,  1971.  The  order  requires  unrided  treatment  by  the  ent  cf  !n"d  ■ 
stormwater  control  by  Cecerter  T|,  1976. 

East  Lansing 

East  Lansing  has  a secondary  treatment  plant  which  has  a dis-hj-ge 
of  about  10  MGD.  East  Lansing's  plant  was  desicred  to  handle  76,0C3  peoole 
including  Michigan  State  University  and  part  of  ‘-'eridian  Tcwnship  ang  avp' 
of  8.0  MGD  waste.  Flews  in  excess  of  3 MGD  have  been  bypassed  to  the  - pd  •"'(■.jar 
with  only  primary  treatment.  There  is  also  a problem  of  stormwater  over ■' low 
from  combined  sewers.  East  Lansinq  was  oftered  a stipulation  in  *pri I 1971  by 
the  Water  Resources  Commission.  The  stipulation  slates  that  the  Ciiv  will  co'- - 
mence  work  on  Phase  I of  their  plan  to  upgrade  treatment.  The  Phase  I pi  m 
includes  prevention  of  solids  loss  and  alteration  of  existing  aeration  'c.n-.s. 
Phase  II  would  provide  for  future  growth  and  tertiary  treatment  to  meet  e'^lue-i 

criteria  being  stipulated  by  the  .voter  Resources  Commission.  The  i ty  has  filed 
a grant  application  for  1971.  A Ciecember  1974  date  was  agreed  on  tor  completi.'n 
of  treatment  upgrading. 

Delhi  Township 

Delhi  Charter  Township  has  a primary  treatm^ont  facility  which  Jlschu  m 
an  average  of  .33  MGD  to  the  Grand  River.  Design  flow  of  the  pl.int  is  !.l  ■ 

for  an  average  and  design  population  is  11,000.  The  plant  presently  ser.es  d ■ . 
8»500.  Phosphorus  removal  is  requ  i red 'by  Dece^’bor  197?.  Present  primary  ■‘r.,'-- 
ment  provides  a better  effluent  than  nornially  expected  fro'^  -r  primo*>  pljnt. 

Because  cf  rapid  growth  in  the  township,  it  will  be  necessary  t. . c>pani  the 
plant  and  upgrade  treatm.unt  in  the  near  future. 

Mason 

The  Cily  of  Mason  w.W.i.P.  is  a secondary  activated  sludqe  pl.!f‘. 

The  plant  was  built  in  1957-58  and  now  treats  an  average  daily  'low  .■i'  “ 
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The  plant  provides  about  96  percent  removal  of  suspendec  solids  ar.d  94  percen+ 
removal  of  BOD.  Design  flow  of  the  plant  is  1.2  MGD  and  design  poDu|..-^Ion  is 
6,000.  This  is  about  the  population  being  served  presently.  Af  the  tir^e  f-ie 
plant  was  designed  a large  portion  of  the  waste  load  was  from  Wyeth  and  "json 
Dairy  operations.  Both  of  these  operations  have  now  been  removed  from  the  sy.'C'. 
Hence  flow  and  BOD  and  solids  are  less  at  the  present  time  than  was  d'oc  I ; to/. 

1957. 

A stormwater  overflow  exists  but  plans  are  proposed  to  elimina/e  If  is 
problem.  Plans  have  also  been  preoared  to  enlarge  and  update  the  plant  as  w.--!l 
as  provide  phosphorus  removal.  Mason  has  applied  for  State  and  Federal  aid 
for  Improvements  to  their  treatm.ent  facility. 

Delta  Township 

Delta  Charter  Township  has  a secondary  'W.h.T.P.  which  discharges 
average  of  1.5  MGD  to  the  Grand  River.  Design  capacities  are  lO.OCO  ■‘or  pcpi.l 
tion  and  1.0  MGD  for  flow.  Although  treatment  provides  80  plus  percer.T  i-' D j-.  • 
suspended  solids  removal,  a problem  exists  due  to  the  fact  that  the  discharge  i; 
only  5 miles  below  the  Lansing  discharge  and  the  river  has  not  fully  recovero: 
from  that  discharge.  A flow  of  4 MGD  is  expected  by  1980  because  of  rapid  de.— ' .p- 
ment  of  the  area.  Because  of  this  and  the  necessity  for  phosphorus  removal,  "->,0 
Township  plans  to  expand  and  improve  treatment  facilities.  Construction  ir'an/ - 
were  applied  for  and  received  for  both  enlarged  and  improved  treatment  works  ar  1 
an  interceptor  which  will  serve  additional  area.  Work  is  underway  on  both 
projects. 

Meridian  Tewnship  (Imham  County) 

This  township  has  been  served  by  the  East  Lansing  treatment  facility 
since  1962.  Due  to  rapid  growth  it  is  now  necessary  to  provide  increased  pu"/!'-; 
capacity.  The  Township  has  received  State  and  Federal  grants  to  r.ake  force  m.,)  i : _ 
and  Dumping  station  Irnprovemients.  Average  flow  through  the  i n-'-errer  ter  Is  ::  .'■! 

.95  MGD.  Design  year  for  the  interceptor'  is  1980  at  which  time  it  is  proje._te/ 
to  serve  30,700  people.  Frosently  23,000  people  are  served. 

Because  of  the  large  volume  of  treated  was'^'e  entering  the  '..rand  '•  j ,-,r 
in  a comparative  ly  short  span;  10  MGD  to  the  Red  Ceuar  River  atiout  I- I/.  i U ■. 
about  the  confluence  with  the  Grand:  36  MCD  from  lansinq's  plant  it.x’ut  t -il>' 
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below  the  F-^ed  Cedar  confluence  ar.d  1.5  MGD  from  Del'^a  township  5 r-ilc-s  p-.-I'a  •• 
Lansing  outfall;  a serious  probleri  exists  particularly  during  lew  fl'*..  ' rt- 

the  fossil  fueled  stear"  electric  aonerating  plant  Leino  built  south  o^  L';'.'.i'-; 
is  expected  to  go  into  operation  in  197?.  The  first  unit  will  cor, sure  a.’-;'  j 
of  2.3  cfs  and  a peak  of  ^.3  cfs  from  the  Grand  River.  Live  additir^nal  jrit-, 
planned,  one  every  four  years.  The  rerova  I of  water  occurs  upstroarri  fror  •he 
above  waste  treatment  plants.  Water  loss  takes  place  throuch  evaomat  i;-r 

cooling  towers.  At  the  present  t i r.o  Doth  the  Rea  Cedar  from  Har'-ijon  '-.•■a : :o 
the  Grand  and  the  Grand  from  Moores  Por^  ['am  to  Grand  Ledqe  are  p'otectet  ^rr 
tolerant  fish.  These  designations  are  to  be  reviewed  In  January,  1974,  an-j 
be  raised  at  that  time.  This  will  further  necessitr^e  a higher  denre--  *'■  :• 
ment  than  is  currently  provided  bv  these  plants.  One  proposal  is  to  ser  : ->-r.o 
conventionally  treated  waste  from  the  three  plants  to  a fourth  polishino  or 
finishing  plant  which  would  produce  a stable  efflaent. 

In  addition  to  more  treatment,  studios  have  been  made  to  determine 
feacibility  of  low  flow  augmentation.  It  has  been  shown  '•'hat  low  flows  do  not 
provide  dilution  sufficient  to  maintain  4.0  mg/I  dissolved  oxygen,  is 

assuming  that  POD  removal  will  be  90  percent  for  both  municipal  and  industri->l 
wastes.  Therefore  additional  water  is  needed.  The  Grand  River  Pas  in  Otucy 
identified  seven  sites  on  the  Grand  or  its  tributaries  between  Jackson 
Lansing  which  are  possible  reservoir  sites  (see  tible  V-l).  If  rep.  rvoirn  r 
utilized  it  is  possible  that  some  part  of  the  water  would  bo  used  for  I ansi-: 
water  supply  by  the  year  2000.  A third  alternative  is  on  land  disposal  in 
the  form  of  spray  irrigation.  The  major  disadvantage  of  this  method  Is  fi...  r.h; 
cost  of  acquiring  the  large  amount  of  land  required.  A fourth  alternative  is 
piping  in  water  form  the  Groat  Lakes  to  ^unment  flow.  In  addition,  there  are 
several  ways  in  which  the  five  treatment  plants  included  could  combi  tie,  ’.one 
of  which  has  been  suggested  to  be  best. 
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POSSIBLE  RESERVOIB  SITES 
ABOVE  LANSING 
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Grand  Ledje 

In  I9S8,  Grand  Ledge  bull*  a prir-arv  waste*  jt(;r  treat" •••  ' . I art  w.  tt 

a design  t lo*  1.0  f-‘.GD.  This  plant  has  ;>  t ■ irprovf’d  nrr  ■ , .r;' t i ^ 

1987,  but  it  is  not  capable  of  servin':  thr  present  pcpLla’i:','  .000  c:  • it*  : .-r  | /. 

\ 

In  I9l9  I Stipulcation  «as  issued  ‘o  the  city  C ; I 1 : r ■ .:s;:a'd'*a 

of  the  present  facility  to  ir-prove  t"ea*r(--.  A 1 97G  I’-: 

for  the  b-rpaso  of  eddl-ig  Interceptor  and  pu";ping  statir.-v..  i " i ‘ 

been  reouesreJ  tor  adding  phosphorus  r<.";oval  ar-.a  seccr. :■  ••  • • . ' * •-  ■■  ■ i - 

tied  facility  will  have  a des  ign  flew  (.■  2.0  and  a • i • ' 1. 1 : t i . ■ ' - , ; ' . 

Construction  is  scheduled  to  begin  by  Sf ; ten  itt  I,  !a.l  c ; . •*:  ■.  *•  *.  : 

De.err.ber  I,  1972. 


Mu  I liken 

Mu  I liken  is  now  being  served  by  priv.tte  septic  t ■ ■ * ■ r . I ^ ; i 
of  about  500.  The  village  received  a 1970  WPC  grant,  w i *h  the  . ..istance  “c 
Eaton  County  fioard  or  Public  Works,  to  build  stab  i I i cat  i on  l.a;.:  The  di-r  i 

population  * r this  facility  is  750.  Construction  be-^an  in'-'T  *,  I u’  ' . an.: 
is  expected  to  be  corr.plotei  in  Septer.oer , 1971. 

Port  la.nd 

The  City  of  Portland  is  under  i Pi  r,i  I Order  ot  i rt-'.|"  ina‘'io-'  *f,  ;'a 

pollution  of  the  Grand  Piver.  A prir.ary  wastewater  trer:t*-pot  rh.**  *i:‘  a ••  ; a-i 

flow  of  I.T  MGD  is  serving  the  3,800  residents  of  the  Ci*v.  •'  i97l  :r'.'ip  > 
been  applied  for  by  the  City  to  add  secondary  treatment  in  the  foi — i c:  aefi.',:*-  : 
sludge  faciiifios  along  with  floculation  for  phosphate  re"'ov.i  I . -i.v 

of  the  upgradi.  d plarM  will  be  2.2  '‘CO  .and  the  design  popu  i .‘i  *■'  '..077. 

This  improvement  will  bring  treatment  up  to  an  adequate  lt?ve.  ' > t • *,'te' 
quality  standards  of  the  Grand  River. 


Ionia 

A Stipulation  was  issued  to  the  City  of  Ionia  in  I ■<’  *•  ■ >t  ;t.  r.-)l  1 „ ; i cn 
of  the  Grand  Piver.  The  City  is  presently  served  by  a prirar.  s * wt'I'T  * •' 
ment  plant  which  has  achieved  41  percent  BOD  remeva  I .and  51  per.  ont  removal  o* 
suspended  solids.  Ionia's  primary  plant  has  a desian  finw  I.'  arc  i 
now  serving  a population  ot  about  6,700.  The  city  propose-  evp.,'..;  it-,  .-..i.-^inj 
fi.rilities  to  provid"  the  equivalent  of  second.arv  tre.atmor  *• . 

I he  . i ty  received  a wPC  gr.ant  in  1968  and  h*  .•f:i:-':  h-r  i I :r  t*. 


I he  proposed  project  includes  iddition  of  Second.arv  freiv.  -.n"'*’ 
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re"ioval.  The  design  flow  would  be  4.5  MGL)  to  serve  a design  populjticn  of 
13,000  by  1990.  This  treaf^.em  will  adfguate  to  eeet  fhe  water  quality  st-;'-- 


dards  at  this  section  of  the  Grand  River  with  its  7-Jjy,  once  in  10  year  Icw  fl.w 
of  181  cfs.  Negotiations  are  nearing  completion  for  the  city  to  treat  wastes 


i 


seepage  from  private  septic  tent. 5 into  the  waters  of  the  Gr3n  ; '\i^<r. 

Kentwood 

Kentwood  is  presently  served  by  private  septic  tanks,  i'’prf.e 

treatment  and  prevent  daraje  tbroenb  senp  ige . this  comrenity  h .-s  -sri'e-;  • • 

1971  grant  to  connect  to  the  Pinr'ODrook  interceptor.  This  inlr-rcrpr  r ,v  M I 
transport  the  sewage  from  Kentwood  to  tne  Grand  Papids  we:  t.  * r I r^  • r.  I . 

The  present  pope  l-tt  ion  of  the  village  is  .^,500  and  '^hc  i-'ctcipt''  ij  cesl;r,.  j 
to  handle  a population  of  6,700. 

Grand  itapids 

The  City  of  Grand  Rapids  and  its  Vetropolitan  Area  cr>nsti-*-a'--^  -*h.. 
largest  single  wastewater  treatment  plant  sc’-'vice  area  in  the  Granc 
A secondary  treat"-ent  facility  wi+h  a cesijr,  flow  of  dt.O  ‘■"■i.  servf's  " p-' 
population  of  23h,7C0. 

Grand  Rapids  has  received  a 1970  grant  for  expansion  of  the  w 3st-,  w.jfr-r 
treatment  plant  To  a design  flow  of  90  '-‘GD.  This  modified  planf  will  Pave  a 
design  population  of  350,000.  tpe  city  is  under  a Stipulation  frc"'  .■.arr'- 
Resources  Comnission  and  corrstr  set  i on  of  the  project  is  due  to  be  ; i n June  I,  r'~l, 
and  be  completed  by  December  I,  1972.  Phesphate  renova  I facilities  will  also 
be  completed  by  that  date. 

This  expansion  by  the  Grand  Rapids  wastewater  freafmonf  plarnr  rtill  ir- 

clude  wastes  from  several  other  municipalities  in  the  immediate  vicinity.  urG- 

ties  which  have  contracted  directly  wifh  Grand  Rapids  for  sewate  tre'!*’"erT  In- 
clude: Past  Grand  Rapids,  Walker  and  Kentwood.  Alpine  Township  jnd  • Ktor  ; e ■ 

also  served  at  Grand  Rapids  through  sub-contractua  I arrangements  wi  *h  • liinfi-.  Id 
Townsh i p . 

Another  major  influence  on  effluent  quality  from  the  Granf  mapids  v.  if-- 
’water  treatment  plant  is  the  effect  of  industrial  wastes.  Porty-fiv"  ir:;ustrGu 
send  their  wastes  through  the  Grand  Rapids  plant.  V.’astcwater  *>-mr  pahor  , pi 
meat  packing,  laundry  and  foundry  concerns  add  about  17  MGJ.i  to  the  f G w 
the  W.W.T.P.  Some  of  these  sources  add  waste  with  BOD  contents  from  100  "t/I 
up  to  7,000  mg/l.  These  various  types  of  industrial  waste  materials  add  drc:**v 
to  the  job  of  the  W.W.l.P.  in  Grand  Rapids. 

The  plant  discharges  at  a point  mi l^s  from  whore  the  Grand  '’ivo' 
empties  into  Lake  Michigtin.  It  is  estimitod  that  the  qualify  of  a CO  '' i le  > 
ment  of  the  Grand  Kivc-r  is  improved  duo  to  the  fact  tfuG  several  cc'’- im,  j 1 1 . 


jre  served  by  the  Grand  Rapids  W.W.T.P.  rather  than  each  conr.unity  having 
its  own  discharge  into  the  river. 

Wyomi ng 

The  City  ot  Wyoming  signed  a Stipulation  issued  to  it  by  the  watef 
Kesources  Commission.  The  city  received  a WPC  grant  in  1962  to  upgrade  its 
W.W.T.P.  to  a secondary  facility  with  trickling  filters.  The  design  population 
equivalent  of  this  plant  is  85,000  and  it  serves  a population  of  31,000.  ij'C 
removal  by  the  facility  is  78  percent  while  72  percent  of  the  suspended  solids 
are  removed.  Of  the  6 MOD  flow,  3 triD  come  from  domestic  sources  and  3 MGC 
come  from  the  28  industrial  and  commercial  users.  Heaw  metals  and  ^'yanide 
have  occasional ly  destroyed  biological  agents  in  the  W..V.T.P. 

Wyoming  has  applied  for  a 1971  grant  for  expansion  of  the  present 
w.w.I.P.  and  addition  of  phosphate  remuval  facilities,  .jesign  f G iw  wi;uld  iie 
19  MGi.'  and  design  population  equivalent  of  the  modified  plant'  would  be  l ‘0,)00. 
Actual  projected  population  to  bo  scrvo'J  ij  112,000.  Industries  will  be 
limited  as  to  the  amount  of  heavy  metals  or  other  toxic  materi  ils  that  they 
may  put  into  the  system. 

Grandv i I I e 

Grandville  presently  applies  secondary  (activated  sludge)  treatmt>nt 
to  its  wastewater.  The  plant  serves  about  10,200  people  and  has  an  .average  flow 
of  1.25  MGD.  Effluent  quality  with  the  exception  of  phosphates  is  excellent. 

The  city  signed  a Stipulation  with  the  Water  Resources  Corrission  in  Julv,  I , 
agreeing  to  provide  80  percent  phosphorus  removal  from  their  discharge.  in- 
struction was  expected  to  begin  in  August,  1971.  Grandville  was  also  plannir;) 
to  extend  their  service  area.  Included  in  the  expansion  would  bt'  a paper  indur- 
try  which  currently  causes  pollution  of  Roy's  Creek.  Grandville  received  a 
1963  grant  to  assist  in  construction  of  their  planf.  On  August  ‘,  1971,  fhi  ■ 
project  was  declared  economically  unjustified  and  placed  on  inactive  statu- . 

Gaines  I township  (Village  of  Dutton) 

This  community  is  now  served  by  individual  septic  systems.  In  Fehruarv, 
1970,  the  Water  Resources  Commission  issued  a Final  Order  of  Determination  to 
■ibate  pollution  of  Plaster  Creek,  a tributary  of  the  (a  jnd  River.  frciatmenf 


equivalent  to  secondary  with  phosphorus  removal  is  required,  f i n.j  I plons  for 
collection  ano  treatment  have  been  approved  and  construction  will  begin  in  '-'.av , 
1971.  A population  of  550  will  be  served  initially  but  design  population  in 
SOO.  This  cornunity  is  receiving  State  and  Federal  financial  assistance. 

Ottawa  County  - Grand  Valley  State  Colle;e,  A I lenoale  and  Heor  :e town 

iownshi ps 

At  the  present  time  the  College  has  stab i I i /at ion  lagoons  operated  by 
Ottawa  County.  The  effluent  is  discharged  to  the  Grand  river,  up  to  now  the 
system  has  provided  adequate  treatment.  I he  lagoons  have  rna' hcc*  .'jpt.ity  and 
because  of  the  necessity  of  removing  80  percent  of  the  phospheruu  from  the  it 
wastes  the  county  has  proposed  to  change  froatment  methods.  Tpray  irrigation 
and  mechanically  aerated  oxidation  ponds  are  planned.  lesim  popul afit'n  i . 

5,000  people.  This  includes  expected  ..olleut  gt'^wlfi  and  jurn’undi  ng  arctr.-  ,i-. 
well.  the  county  has  applied  for  finanrial  assistan,;e  ter  the  project. 

'ttawa  County  Infirm.iry  - at  fas tm  mv ill'. 

Till  ■ institution  di  J rely  ori  septic  fants  f'->r  wast.'  troaf"ent 
was  inadequate.  The  infirmary  has  about  tdi  pi>raons  includin'  stuff  to  servi  . 
-.ttawa  County  received  State  and  federal  aranfi  in  l')7Q  to  .i.'jic  t i r.  c^invdru.  * i ■ 'u 
of  lagoons.  this  project  has  been  complt>tol  ari.i  treatment  i ■_  r'cwi  .id!?g  jato . 

Coopersvi I le 

Coopersville  now  has  secondary  treatrent  ( tr- i :K  I i n : tilt.-rf  t at  f'w 
plant  is  operating  at  double  design  capacity  thus  riot  icbievin;  ’•  i-ii'.'’  ■aii- 

ciency.  An  average  of  .33  i-IOn  are  discharged  to  .to-r  i '-eeK . thin  groul 

coupled  with  the  necessity  of  providing  gO  porc^r  i pho-^ph' -ru'.  il  b; 

prompted  the  planning  of  .j  new  wastewater  treafr.'nt  pi  rd.  o.p.  t vlll-  i a,  . i'..-: 
a 1970  grant  to  aid  in  construction  of  a loiooi.  •..v'^^"".  tf.-  p'  gi  . r will 
V cKTip  I etod  by  spring,  1977.  eosign  flow  for  Iho  ui  w plan*  .1'  ; ■ 

le.i  ;r,  popul.tfion  is  3,900.  A new  trailer  p.irk  w r,  i,  wi" 

population  of  A00-''0iT  persons. 


AUDi.liOUM  TO  INTERIM  .-.■'ULR  :^UAUTY  '/A-'-A  ^LMl  NI  P- 
FOR  THF  'VRANr;.  RIVF.P  r-A'  I'l 
FEHRUART  1972 

At  the  present  time  Grand  tTaven  and  ipriruj  I ikr'  operate  separate 
primary  sewaae  treatment  plants.  Both  plants  are  overloaded  and  produce  i 
poor  (Quality  effluent.  Spring  Lake  si.jned  a stipulafion  with  the  Water  Resources 
o’-nission  agroeinj  to  provide  phosphorus  removal.  A Final  Order  of  Deter- 
mination was  adopted  against  Grand  Haven  requiring  phosphorus  remnival. 

firant  Haven  and  Spring  Lake  in  1969  formed  a sewer  authority  to 
construct  and  operate  a Joint  sewage  treatment  facility.  The  Granif  Haven- 
Spring  Lake  Sewer  Authority  then  applied  for  State  and  Federal  grants  to  ■ on- 
■ truct  a plant  which  will  provide  at  least  80  percent  phosphorus  ramc.'val  and 
secondary  treatment  by  the  activated  sludge  method.  The  plant  will  have  ar\ 
ivera-,-  ian  i I ow  of  b.O  MGD.  This  will  provide  capacity  to  |99S  for  the 
projected  populations  of  ‘ ,000  for  Spring  Lake  and  18,000  to,r  -.rand  Haven.  In 
jit!  i t i'-’fi , the  i.at  !■ n*  i Leather  Compeny  which  ic  under  (>rder  from  ihe  Water 
...HJt  ■ .'.-a  cuni".  i -a-,  i .jn  to  ibat''  pollution,  will  -ontripute  a controlled  flow  of 
I .0 

Although  the  citv  of  Forrysburg  fus  no  pollution  problem  identified 
by  the  Wafer  Rtjsourcos  Commission  or  the  Michi  ;an  Depar fTituif  of  Publi>  ili.altti 
if  fhi-.  time,  the  City  has  indicated  that  they  wish  to  be  included  in  the  wer 
Authority's  service  arei.  Previous  negotiations  t'ljtween  forrysburi  and  ttie 
Auttiority  were  not  '.ur-ron.,  f u I in  producing  a contract  for  service.  Ill'-  Autfior- 
i ty'  , plant  design  thrret-.re  does  not  ini  ludo  capai  ity  for  t errystiurg  ttirough 
I )9b. 

M(jW(,“ver,  it  is  the  intent  of  this  interim  tiasin  pi  iri  that  It  'tvsbuf-i 
t.e  a part  .g  thf  ar  md  Haven-Spring  Like  Sewer  Authority  service  ar'i.  I very 
effort  '.fioul  I bi  made  by  fh"  partitas  irive|vetl  to  resume  ne  jot  i iti-'es  arr)  irriv 
at  an  equitable  solution  t'jr  providing  service  te  corimun  i ■■  i es  not  now  mcmbi'r'. 

)f  the  Authority.  It  shauM  be  up  to  the  ■ i ty  of  Ferry. burn  whether  fh'v  Join 
the  .'.ystefT’  wheri  if  is  put  info  operation  <>r  it  some  later  date  unle-,c  i piHI  j- 
tion  problem  is  Identifioi!. 


V-.-t. 


’S<v  'Jc 


Initially,  Ferrysburg  would  contribute  very  I i tile  flow  -in., 
not  yet  have  a sewage  collection  system.  Flows  <is  projected  by  li'rry'-r^.r  ; j( , 
0.15  MJU  in  1982  and  0.54  MGU  in  1992.  It  is  csti rioted  that  the  roji'injl  pl.irF 
would  then  reach  capacity  about  1990  with  the  flow  from  Ferrysburg. 

Grand  Haven  Townsiiip  held  a referendum  to  determine  whether  r r.-.-t 
they  would  participate  in  the  regional  system.  The  proposal  to  join  the 

Authority  was  turned  down  but  the  Township  did  request  to  be  included  in  the 
service  area  which  has  bee-n  done.  Giand  Haven  Township  has  estirnuted  itiat 
they  would  need  capacity  for  0.25  MGD  by  1932  and  0.f>5  MC-D  by  199.'.  This 
would  then  mean  expansion  of  the  regional  plant  no  later  than  1985  with  thi 
flow  from  the  Township  and  Ferrysburg. 

Spring  Lake  lownship  while  not  wantin'  to  participate  in  the  Authcrity 
is  included  in  the  service  area.  Iheir  capacity  needs  have  not  yet  been 
totermi nod. 

Because  of  the  uncertainty  ot  which  units  ot  (government  would  rc’.  .ire 
service  and  when  and  therefore  the  uncertainty  of  required  plant  '.ipai  iiy,  the 
Authority's  engineers  designed  the  plant  so  that  additions  in  inirement  . r 
1.5  MGD  capacity  can  be  made  with  a minimum  of  difficulty.  1 he  pi  int  it.-  is 
also  large  enough  to  permit  several  such  expansions  if  necessary.  It  ,h.,  uid 
be  noted  that  the  flows  projected  by  both  Granu  Haven  Township  ana  ' (■r>y'jb..r  ; 
could  jry  greatly  depending  on  actual  population  i ncre.ises  and  how  r.o  i d I y 

collection  systems  would  be  installed. 

Accompanying  this  addendum  to  the  I nter i m Water  ■^ualiH,.  u'.a  • ' 

Plan  for  the  Grand  River  Basin  is  a resolution  from  the  Grand  H,iv>-”-  pi  in<; 

Lake  Sewer  Authority  which  states  I fiey  will  provide  sorvi.m'  t,-  ith.  • .li  - 
J i t i ons. 

Wright  Township  (Ottawa  County) 

This  township  which  includes  the  Village  of  Marne  provides  w i:  1e  fr'eat 
merit  by  stab  i I i zat  i on  lagoons.  A semi-annual  discharge  is  all-  wed  t r.  >r-  the  two 
.;el  I system  into  the  Grand  River.  Treatment  is  adeauate.  .\ri^hf  'owm.hip 
received  an  FHA  grant  and  a State  grant  to  aid  in  constru.  fion  of  the  t...  ilitl.- 


f'.jvonnj 


In  1970  this  community  begun  providing  sewuge  collection  und  treutrent 
by  stabi I i jation  lagoons  and  spray  irrigation.  Discharge  to  Crockery  Creek,  a 

tributary  of  the  Grand  River  is  an  alternate.  The  systerri  was  designed  to  serve 
1,400  people  and  has  a design  flow  of  .14  ftfjD.  Ample  room  has  been  provided  for 
expansion.  The  community  was  under  a 1968  Final  Order  of  Determi naf ion  abate 
pollution  of  Crockery  Creek  and  with  Federal  and  State  grants,  this  has  been 
dccomp I i shed . 

Or  ant 

This  community  has  had  adequate  waste  trocitmonf  since  1967  when  sov.ond- 
ary  treatment  facilities  and  sand  filters  were  installed.  Flow  i about  .08 
i4iD.  Discharge  i s to  a branch  of  Crockery  Creek  and  then  to  the  Grand  River. 

.urrnary 

1 he  Grand  River  receives  in  addition  to  the  flows  of  t.  major 
tributaries,  the  effluent  from  42  municipalities  either  directly  or  via  minor 
tributaries.  Below  Jackson  and  lansing  wafer  qualify  is  not  good.  Use  desig- 
nations provide  for  protection  of  tolerant  fish  wari':  wtiter  species  in  these  two 
areas.  These  designations  will  apply  only  until  January  l'74  py  whi.h  tine  ttv- 
waste  disposal  situations  involved  are  to  have  been  placed  before  the  Water 
Resources  Commission  for  critical  reconsideration  with  a view  fowiird  the  app I i - 
cation  of  higher  quality  use  des i gnat i ons . t Isewhcro  in  the  Grand  River  6 
reaches  are  protected  for  recreation  - total  body  lOnticf. 

The  major  tributaries  bring  to  the  Grand  River  watr-r  ot  as  |0('d  a 
quality  or  better  than  that  in  the  Grand  at  the  various  confluences,  of  tfn 
communiti  ■&  now  discharging  to  the  Grand  or  to  ‘.,'tia  I I I I'i  liut  iri  , ten  havi 
jd^-qu  ito  treatment  and  I*'  art?  in  the  proerrss  of  attaining  i higher  derrat  • 
treatment.  This  will  tie  done  before  [locembor  l''77.  Six  rr.un^  comr:un  i i i ■ • . a. 
ru'w  oonstrui-f  ing  new  facilities  and  two  are  truilainq  interceptors  an  < will  ! d n 
the  Grand  Rapiils  system.  Iwo  .'.omnun  i t i es  have  submi  ttf!d  plans  to  bull  ! wi  *• 
treatmf’nt  fa.  ilifies.  ftit'  culmination  of  all  I't  ftic'se  pt.:je-  t--  will  pt.>^id.■  i 
tremt'nd  Hjs  bixast  to  ! he  wafirr  quality  of  fhr;  Grand  River. 


2. 


RtD  CEDAR  RIVl  R 


Fow  I erv  i I I ft  

The  Red  Cedar  River  receives  the  fnunicipdl  «vdsto  of  5 <:• -nrun  i t i i.- . in 
addition  to  East  Ldnsing.  Fowlerville  is  the  uppermost  corr. unity  on  Ihc  river. 
This  community  discharges  an  average  of  .1'.  MGD  after  lagoon  treatrr.ent . 'reat- 
rnt'nt  is  adequate.  The  lagoons  are  hydrau  I i ca  I I y overloaded  and  often  overflow 
without  adequate  treatmeni . 

Webberv i I 1 e 

WebDerville  is  the  next  community  downstream  from  Fow  I r-rv  i I 1 1 ■ . A 
sewage  collection  system  and  treatment  f.3ci  I i ty  were  completed  in  l'^' 
merit  consists  of  a stabilization  lagoon  and  discharge  is  at)Out  .1  M:;D  to  thi> 

Red  Cedar.  The  facility  now  serves  about  900  people  and  is  designed  to  serve 
2,500.  Design  flow  is  .25  MGD.  w'ebborville  was  given  a Final  Order  of  L'eter- 
mination  in  January  1968  to  abate  pollution  of  the  Red  Cedar  River.  Iho  farilitv 
was  financed  in  part  by  State  and  Feder.il  monies,  'debbervilio  now  "leets  w it.'r 
qua  I i ty  standards . 

ri i 1 1 i amston 

Williams ton  is  the  third  muni  i polity  discharging  to  the  Red  Cedar. 

This  comm:nity  discharges  .25  Nt'-D.  At  The  presc-nt  time  wastes  receive  on  I v 
primary  treatment  but  construction  began  in  June,  1971,  to  expand  an  1 lipirsit- 
treatment  to  i n>  lude  secondary  treatment  by  activated  sludge  with  ovidatisvi 
towers.  Phosphorus  removal  is  included.  A stipulation  c.illing  for  these  imptcv’. - 
ments  was  signed  with  the  Water  'osources  Corni  i ss  i on  in  August  of  I'Hu, 

The  existing  plant  was  constructed  in  I'^hg  after  the  .Vati.u  ■•Jesoum's 
Corrnission  ordered  the  city  to  abate  pollution  of  the  t iyer.  It  wjs  di'si  ;nol 
for  a flow  of  .24  MGD.  About  2,700  people  ure  st'ryod  by  the  ;.ystem  it  pre-,..n:. 
Plans  for  the  improvements  ca I I tor  a design  flow  of  . hQ  MOD  and  de  ■ i jn  po;Mil 
tion  of  5,000.  Wi  I I iamston  has  received  State  uid  Federal  .iid  for  th  i en  tnr- 
t i on . 

t.ast  Lansing  and  _Maso_n 

These  communities  wore  discussed  previouslv  in  the  "Lan'ing  ire;." 


-^umnury 

Over'dII,  gross  water  quality  conditions  in  the  Red  Cedar  River  are 
fair  to  good.  Low  dissolved  oxygen  and  high  temperatures  and  high  organic 
loadings  o^ist  below  populated  areas.  The  most  serious  industrial  discharge 
has  been  brought  under  control  and  is  now  rated  "R"  by  the  Water  Resources 
Commission.  Accelerated  plant  growth  occurs  in  nutrient  enriched  segments 
of  the  river. 
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lOOKI 


• I V 


'lA 

f’cTry 

’^erry  is  th('  urporr^csi  co^r  u n i ; y in  the  Look  i nng  I ess  • i .■•;r  : i 

The  pr^sont  poDuljtion  if  •’ e?  t v is  ^ibc.it  l,A00  dscJ  I'hc:  dcsigp  tfS'-lnii  ' 
the  eroroscO  'a  :ste  tr.-dt"-enr  facility  is  ?,00Q.  Desion  tiev.  is  .iG  i'L-... 

h i s jn  ,vOu  1 ; fl  .V  vi  • Thr(.-o  dific:’'Pt  trains  a distirtr-  o*  IT  -i 

before  r-ritorir;i  If.'.  L cor.  i T'O  j I jss  -iver  . ..  i scharges  trc'p  I ?oo'r ' 'Ail! 

ollowi'C  Cyti  I y O-.r'iri)  ■'nril  ,:,t  ‘.r,  vG"  bt-P . Perry  roceivoo  3 tPiPit  ir  I j • 
essisi  i ri  jonstru.- ‘ i on  ot  j ^olloctior  systen  ard  treet'ncnt  facilin^,  p, 
projoof  is  sch':Ja|r-d  for  sG'rip  )e  f ior  in  Jj|y,  197). 

La  i nnslLir  ~t 

iiiis  CO" '■  u n i t ■>'  prnsenTly  h.  s a popslaticn  of  abo'-t  l,Q'/J.  '‘-r 

been  no  1rea‘"er!  frcviJa:  other  t-.jr,  private  sop-ic  tanks,  rost  of  whi  ^ 
connected  to  an  existing  sewerage  and  stormwater  system.  Tfie  statilirjTi 
lagoons  jre  designed  tor  a ocpalation  or  I ,bCC  an'd  hive  a jcsi  :n  I I c,'.  f 
Laingstjury  is  uder  j r inil  ardor  of  Dot -jrn  i nat  i on  by  "‘tie  .va+cr  '■•■scar  ■ 

to  abate  eollation  art  cerp  lotion  or  the  facility  is  schoialecj  fer  ‘'•art'." 

The  cemrr  unity  receive:;  a 1970  or  inf  for  constr-jct  i on  . 

Ba1  fl  Townsh  i r - '^  | j nton  ,oijnt  v 

ho  treatment  is  crovided  at  the  present  in  Gath  Township,  '••-■.■to 
a problem  does  exist  because  of  density  of  population  in  some  arear.  T' 
ship  has  asked  tfie  Clinton  County  GeDartment  of  i^ubllc  Works  fo  b.m.’l--  t 
of  providing  troatmen"^.  ■'  pulti  cel!  lagoon  system  along  with  ■■  Me.  rir  ; 
and  interceptors  is  pl.;nneJ.  Application  for  .!  I97I  State  ano  h. '00^,1  :t 
been  made. 

The  Township  w is  ordered  on  Juno  25,  1971  fy  the  W.itt  r .u'\. 
Commission  to  correct  raw  sewage  discfiirg-as  to  dr  .;  ins. 

W'dtertnwri  Tcwnship  - CM  nton  'County 

The  township  has  no  municipal  treatment  fa  ility  at  t‘ e pr,  c,.r‘ 
Application  has  been  m.ioe  for  a 1971  Statf /Federa  I g^'-int  to  assi..;  i-  _'..r 
of  a pumping  station  and  interceptor  to  the  Dewifi  wastew-ater  1r.',‘".nt  p 

DeW  i t f 

DeWitt  currently  his  a pri^iry  treatment  plant  whi.h  li',.  h,r  p-.-. 
.Of-  t..,Q  to  the  Look  i n ; ] I iss  ^'iver.  this  -is  about  cne-f  ijith  Ssi  ;•  •!  *. 
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The  LOOK  i r,"  : I ,)5,s  ■■'iver  i r,  noi'C-.!  for  low  i.lro:’’  v-Iccity  vr!,-(. 
during  r oosor.*!  clevjTi;.-i  ■:  f ‘‘•yrror':  t'.r’.  c-  ..r'^  ;n  ; 

ior  .r  ..  M i.  • • . i vc . 'i-  ■r'”  '.r.  i : u : a '• 

dischDr:'-s  i'  ’ . tt  ci.f'r.  ■,!/  __,nc-  now  *'  trcjt'-cnt  . r;  .''o  i’’  ' 

the  rivo".  ill.,  njv-  n-‘w  ^ ^ 

and  t‘-  aIM  : ' |.;Ted  in  I'.'.'!.  r- ■ -r.;-.-.-  cn"'"',.  r i i i ■ • ■. 

subn  i 1 1 cd  p I 1 r s t jc  ”■  iOt‘  i b r i rq  plan:  or  L u i I d new  plants.  T ' • ; : ■■  ; ‘ 

troa+ront  ot  ill  "luniciD  I w.iah-''--  ' I irp'' i lo  l*'’C  ri.or  will  help  ’ 
the  excessive  w^ed  growth  inn  erha-'ce  w iter  qaalitv. 
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population  now  tei';  15  jpout  5o0.  . I':fdr;;e  frer-.  the  Idjoc  : is  .;l  lowed 

only  once  annually  :>  .1-  Ore-oK  3 tritute'  ■ ? Th^■  ‘■•aple  River. 

Perrir.f.-'  -ind  r..|-.:-  i-,'.nsnip  ^ 

Perrin'-on  and  '^ulton  Tcwnship  (in.  P, cine  *ho  Vi  I lid',  of  ’-'i  MP/Ton  .v  f 'hr-  ^ 

Rainbow  Lake  Deve  l■'■p”’e^  t ) both  umer  ■ ' :i  p '••r  .-,f  Heterr'i  na  ( i n iron  ‘hi'  .■.  r-'  *J 

] 

Resources  Coopis^ior  t otnte  polluti  r of  't'.:  “1:  i'-  ^Iver.  Rs  a result  ni  fe  ' 

orders,  both  coor  .-n  i t ieu  .;re  ■doino  ,3h.:id  .--.r  . •,  ;-ir  * •-(-.3  t,  1 ■.vstr"  . T'le  ■..V':+' " 
is  designed  so  tha^  about  7CC  per50P5  ^ .r>  t-.-  ,.-•■.,■1  in  the  Vi  I lace  of  Mid.;lef  n : 
the  Rainbow  Like  r -or.bined  ‘“d  • ' r-  ■ '-ors  can  !i  r i 't-rri''*  n . 

Neither  area  has  re  it.r.-.  • th-.st  for.. I I'ior',  • ‘.  "'ere  are  dO'U  rl.ai^ed  lots  i “ i' 

Rainbow  Lake  S'Jbd  i v i s ion . “,-ire  ■‘h.jr,  t.ilf  I h.^ve  been  sold  .and  bh  hooes  h.ive 

been  built.  LM^i^ahe  Jo'/e  Icpre'S  ‘ cl.i-.s  .all  • 'r  in  eyp.->r...  ion  I , '00  lots. 
this  is  real  id";  .-iddi  + ien.i  I t‘'ea+'"ert  will  I"  r-  ‘iss.arv.  uc'O'p  I et  ion  d ite  for  t!'‘ 
project  is  srhei*i,|e;  ‘o  :.e  .mr.-,  in?.',  .,r,  -,ir  i 'rpission  c-*  *'cn  ■ • ■ 

have  been  applle.' 
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Maple  Rapids 

The  Clinton  County  Department  oi  Public  '.‘Jorks  is  assisling  thf-  Vill.::-- 
of  ‘-'JDle  Kof  ias  if:  cbr:ining  f .nts  fo:  s<  wage  -treatren  fcici  lilies.  /-H  s"' ■ 
the  Viitane  is  served  by  colir  lonks.  Stnu  i 1 i .:ation  ! ■goo'-s  are  plannee  .-.iT-  i 

design  pcpulaTion  of  500  an,  a flow  of  .08  I'CD.  Maole  Rapius  presen;  I,'  f’  :s  . 

pop^ilation  of  700.  5 cons  f ' uc.  t ; or.  grant  has  been  applied  for.  Const-u  *"icn  t ; :n 

in  JanLory,  IR7I,  ,jnJ  is  s^fcdaled  for  rTpletiori  in  .ianuar.',  107.'’.  Treat''tr:  * M , 

be  adequate  when  fhoso  facilities  are  completed. 

Westpha I i a 

Westphalia  is  prosertly  served  by  private  septic  *arks.  5s  is  o-te-.  inn 
case  in  ireas  wtii.;r,  have  ,i  I :;rge  number  of  these  systems,  som-  pccome  I 
no  use  in  freating  sewace.  -tony  Creek,  a tributary  of  tno  ’■‘■aple  Riv,  f,  r-vri.-'-, 
the  raw  or  part' ally  tre-jTod  suwage  from  this  community.  Recognizing  this,  t‘‘’ 
corirunity  '■J3  jpolic-d  ‘o''  a State  ar  c Federal  grant  to  provlJo  j sewng--'  ^rl|r-c*i  ■ 
syste"-  and  laaoon  type  treatment  facilities.  Westphalia  has  a pr«:'sent  pcculaTVo 
of  utouf  v^OQ.  Fjc'litii.s  are  aesfenej  to  servo  },?0C. 

Crysfal  Tcwns'iin  - Mo'-itcnir  County 

The  area  arouno  oryG-"al  Lake  and  the  Village  of  Crystal  is  served  by 
private  sepf'c  systems.  Tnis  has  proven  To  be  unsatisfactory  pecause  of  unsuit- 
able soils.  No  incusfr/  is  present.  The  Township  has  aDplicJ  for  State  and 
Federal  grants  to  assist  tnom  in  constructing  a sewage  collection  system  arc  I u- 
goon  type  treatment.  The  proposed  servir-^  =*r»=a  would  serve  I ,33C  people  at  tn.. 
present  time  and  is  designed  to  serve  2,293  people  by  (990.  Design  f I cv.  is  .15 
MGD.  A semi-annual  disctiarge  will  be  permitted  to  Fish  Creek,  a tributary/  of  the 
Maple  River. 

Carson  Ci  tv 

Carson  City  had  an  average  flow  ot  .12  MGD  of  untreated  sanitar>'  and 
industrial  waste  di  schanx;d  througn  storn;  sewers  to  Fish  Creek.  A Final  Order 
of  Determination  was  issued  to  the  Cl  tv  from  the  Water  Resources  Commission  in 
January  of  1968.  Construction  was  initiated  on  a waste  treatment  facility  in 
1968.  A portion  ot  the  exisfing  storm  sewer  system  w,as  utilized  for  collection. 
The  project  is  now  ccrpleted  and  pollution  of  i^i  sh  Crcci'.  has  boon  abated.  Lo.v 
flew  in  Fish  Creak  af  Carson  City  is  3.3  cfs  so  only  a semi-annual  disch.a'-'io  durin 
high  flows  is  permitted.  The  City  receivet'  a rm>nc;t  ruct  i on  grant  for  the  projec*  . 
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St.  Johns 


This  i *ns  -T  secopJiry  * ist.’  trontr-ont  plant  which  discharges  .80 
‘tro  to  MovAorth  Crook,  a tribjtarv  of  the  ‘'nr-le  ' iyer.  Wi+h  tho  exception  of 
phosphorus  content  the  plant  provides  loo-p'oto  tre-itr'ort.  St.  .'-hn  , i ut  do' 
a Final  Order  of  Determination  with  the  water  Resources  Commission  to  provide 
30  percent  phosphorus  removal  by  October  1972.  The  Commission  has  also  entered 
into  a Stipulation  for  tertiary  treatment  at  St.  Jonn. 

F ow  I ft  r 

At  tho  present  time  this  c.om'^unltv  tins  i secomjjry  tricMino  "ilt-r 
type  waste  treatment  plant.  The  effluent,  however,  is  net  of  p hip*-  cr-ij'* 
quality  to  prevent  degradation  of  Poets  Cre<^k,  a +rlbuta'‘>^  ct  the  :':ple  • . 

The  original  plant  built  in  1933  anj  improved  in  |ors  rias  a :esicn  •I'.-.  ■ •'  .'4 
‘IPD  and  has  been  operating  at  or  apove  capacity.  Project  plans  l":l  . .■  ofi- 
ceM  laqoon  which  will  permit  semi-»nnjj|  dlscharoe  to  ‘^■’eots  Creek  at  opTi''j'' 
‘Iqv.'s.  Oresen-^  population  tc  bo  se''vod  is  I ,'^00  .vith  a desicn  pop-- 1 o' 

I , 50*7.  T 5 1 auqhter-house  contributes  a s ' an  i i cant  POD  load  to  tn«  pl.r'-. 

Fowler  has  received  grants  to  assist  in  construction  costs. 

Stanton 

Stanton  has  an  averace  flow  of  .12  '•'Gj.  "'his  wasfe  is  stabili.'e;  in 
laaoons  and  disc^\jrged  -twice  annually  fo  Fish  Creek.  The  facilit/  was  puilt 
with  the  aid  of  a 1966  Federal  nrant  and  is  designed  to  serve  I . TO"  poopi-*. 

This  facility  has  resulted  in  improved  water  quality  in  Fish  Creek. 

Lvons-tJu  i r 

Neither  of  these  communities  has  a mun'cipal  treatm.pnt  facility  a*-  'n-- 
present  tf'"<^.  Goth  communities  have  signed  stipulations  with  the  .'.’a tar 
sources  Commission  agreeing  to  provide  adecuate  treatment  by  December  I 'T. 
Strict  ef'luent  standards  are  contained  in  tl'e  s"!- i ou  I at  i ons  . The  villa.;  s :t- 
workinq  together  and  have  orobosed  a plan  to  provide  an  interceptor  'r"’- 
to  tfuir  and  construct  ci  lagoon  system  to  serve  bo+h  communifios.  r.’'lu-  n‘  'r 
the  system  will  be  discharged  to  the  Ngpie  River  twice  annual Iv. 

Summary 

The  Maple  Piver  is  a sluggish  stream  for  much  of  its  lengfu.  1:  •!  w. 
through  mostly  underdeve I opod  or  agricultural  land.  F i ther  direcflv  ,'f  via 
tributary  atrci-’s  the  Mgple  receives  th<-  waste  efMucr.f  f Id  "'■aniTG--. 

■''wo  o'  fhosc  communifios  have  had  if.'augte  trearment  'or  ■;--'’'e  'im-  an  I -,v 


V-TS 


p 


ivKfinq  ^ t i ona  I phases  of  troa'‘rnent.  Four  other  conitrur  i f f-’s  cc't 
treat-reat  facilities  in  the  last  three  years  and  now  provide  adeouate  p'jt' 
of  the  "apie  River.  Six  more  facilities  are  scheduled  to  be  :■  .'fT  i •:  t.--  a Fa  • ■ , 
Decembor  |0f2.  Some  of  these  are  already  under  construction.  :.v.,  of  the  :.-l  ;r-'.  j 
systems  i ncoroorate  two  commun i t ie=t . 

Waste  quality  lias  improved  over  tnc  l-ast  fe.v  years  :.nu  a1!I  .-.'.t.  ‘ i : , 
do  so  as  the  necessary  treatment  for  miunicipal  waste  is  prcn/idt-i. 

5 . TFORi.'.^nP|  F r |v/r_R  nARIN 

Sunt ie I d 

This  community  of  700  has  relied  on  private  septic  systems  until  *■  I : 

I year.  Construction  was  becun  late  in  1970  and  will  socn  proviae  tn.-.  vill  i 

a sewage  collection  system  and  stabilization  lagoon  treatment  system.  The  sy'‘en 
' was  designed  to  serve  800  people  and  will  qischarge  to  spreading  basins  with  ro  a ' - 

^ charge  to  Mud  Creek,  a tributary  of  the  Thornapple  River.  1970  jtate  anj  Fcueral 

construction  grants  were  received  by  the  '-illage. 

Nash  V i I I e 

In  |bC4  this  community  received  a grant  to  ccnstruct  orimary  • reat-,.  n-r 
facilities  to  serve  2,000  people.  An  Imhoff  -^ank  and  col 'retina  sewers  .v-ne  l"- 
j stalled.  The  facility  currently  serves  1,290  people  bu*  .acfiieves  only  .C--"'  ' 

j BOD  removal  and  40  percent  suspended  solids  removal.  Averaae  flow  *r-om  tne  pijnf 

I has  been  _ 1 4?  MGD,  desion  flow  is  .200  MQD.  In  addition,  there  is  an  existin':  i--  •- 

ceptor  which  discharges  untreated  wastes  to  Quaker  Brock,  a tributarv  to  the  tr-  r: - 

'I 

aoplc  River.  Nashville  was  offered  a Stipulation  with  the  .'.ater  sour. " n,  . 

j but  to  date  the  Citv  has  not  signed.  Nashville  has,  however,  applied  for  i ' "'I 

grant  to  provide  phosphorus  removal  by  chemical  preci potat i on . In  --c  'i.'i'-:,  -c.  •,  • 
suspended  solids  removal  will  be  increased.  The  plant  rapacity  will  not  ’.  ••  i r> 

1 No  industrial  wastes  are  treated. 


Lake  Odessa 


This  community  is  on«  of  the  few  in  The  State  which  di~cho  ;-  * ■ 

inland  lake.  The  present  facility,  of  the  trickling  filter  type,  was  built 
1955  and  discharges  about  . tO  MGD  '‘o  Jordan  Lake.  1+  was  designe.,1  'o  ■ erv 
people  but  now  serves  1,8^'^  people  plus  the  wastes  g camin:  incjofry. 

from  the  factory  are  equivalent  to  7,|00  people.  Late  ‘'less*  w r.  :I\-’  -)  > 
of  Dotermi  n-jt-i  an  in  Aijtis*',  1'^'^“'.  the  city  a grant  in  I 

' IP  enlarged  pi'rnt  whicn  will  provide  secondn'"','  t'^oatment  ry  -i.-tiv'f.-g  -| 
Tf:i'.  will  be  complete  i ri  enf...~ppr  I f ’ I . P-'sIgri  fl'-,y  . • t*.--  •-.■w  • : ’ll', 

On  I Fition  gf  jl-.*  .hard, in  will  be  at  if-'  '. 


I ’’ 


i n 1 I r 


I . I' 


j 


I 

i 

i 

1 

i 


I , 


ii 

i 

j 

] 

i 

j 


V-  5'. 


( ■ 

i 


■ 

t 

1 


1' 


Wood  1 dnd 

This  village  was  given  a Final  "rder  of  Deter"  i i ;,n  i'  | is - 
and  in  I960  applied  for  and  received  a <vaste  treat"ient  facility  ■;  ■ 

grant.  Secondary  treatment  followed  by  sand  filtration  for  *h.-  .ill.j.-  a y 
then  provided.  McArthur  Drain,  a tribu+jry  nj  the  Th>  r^appl-  "i.-er,  '•  ti/. 
the  .04  MOD  discharge  from  this  plant.  treatment  is  adeauj^-r  :t  I 

Clarksvi I 

The  vi  I lage  of  Clarksville  p resent  |,.  ha"  nr  •.  ... 

facility.  Partially  freatod  wcte  from  in.tivMui'  :*■  ■••• 

Bean  Creek  and  creates  a health  hazard,  'i  • ‘ , , j „ 

has  urged  the  Village  to  provide  a troatmi-nt  ‘acl''-,.  VM  I • 

proposed  to  construct  I agoc-'s  and  spray  Irria,+  i._-  - ; j, 

Design  capacity  i I I pe  490  people.  A grant  ;pp  i *•  ,-  n ^ 

HastI nns 

Presen+ly  the  City  provides  primar'/  trr  •.  f^.r  ♦ ;nd  di'-  • ar  ••  a 
MGD  to  the  Thornapple  River.  Hastings  sinned  a ' * ' r ■.  I a ' : - n • h 
Water  Resources  Commission  agreeing  to  provide  nda'-;  • r. . . + 
with  phosphorus  'e’scval  . The  expansion  is  doso^ni^d  t.n  --orv.'- 
7,500  people,  design  flow  is  .6  MCD.  The  City  arpling  f-r  .'-.1  rnr.  • 

I970  State- Pederal  grant  to  assist  in  construction.  Final  plan-  have 
submitted  and  approved  and  construct  ion  i-  underway. 

Middlevi I le 

S i nee  1 940 , -•  i dd  I ev  i I I e has  u d r un  i c i pa  I t re.a * "'n n + . t ■ . . . 
primary  treatment  t-v  Imhoff  tank.  The  facility  rrc-rnr-tiv  i,- 

and  an  average  of  .14  MOD  is  dischirged  tc  th<--  fhrm.,"r " - 
ville  received  a 1969  qr.ant  to  expand  and  u'',ra.je  *h.-.ir  • •.  * 

facility.  Construction  began  in  ^^ay , l'470,  and  is  schc.dui---:  " ■. 
completed  in  ‘•‘ay,  197?.  Treatment  will  consist  of  oxirt-«ti  ' I • i-.  •>-.  - ; 
spray  irrigation.  The  facility  is  desianed  to  ser  vr*  ^ , on  an?  ‘ - j - -1-  * i ^ 

capacity  of  ..5  f-'P-o. 

Caledonia 

This  Village  has  boon  served  m,)-,v  years  "y  -epfi:  ‘ ;r-  rthi  * 
ultimately  are  connected  to  sanit.ary  sew-r  The  -mitarv  sewers 
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oulJ  have  been  cr  ss  connected  to  stor-  sewers  causing  pollution  of 
Emmc  ns  take.  In  February,  |d70,  the  Water  Pescurcf.  Corr.nission  Issued 
a Final  Order  cf  Fiulerninat  i on  to  the  Village  to  abate  pollution  if 
Emmons  Lake  and  the  Thornapple  River.  The  Village  has  applied  for 
and  Federal  grants  to  assist  in  construction  of  treatment  faci lilies 
and  additional  sewer  :.  Rrel  ir'.inory  plans  h .ve  been  submitted  for 
approval.  Th*.  plans  call  for  lagoons  and  soray  irr-igation  and  are 
■te-;.igned  t-  :--rve  I . tOO  ceepl--.  Caledonia  has  a population  of  750  at 
the  present  tir.  . The  sigh  school  cat  Caledonia  has  its  own  treatment 
facility  which  ..erves  j population  eauivilent  of  42^.  Treatment  is 
ddegu:-*-e . 

Verm.ontvi  I le 

This  Vi  llaoe  of  atout  780  people  had  no  municipal  tree ‘f on t sv:.te'^ 
prior  to  1971.  However,  under  order  frori  the  Water  Resources  Commission, 
construction  was  s-^arted  in  Fetruar,,  1971,  on  a sewage  collectii,-n  s',st-n' 
and  stabilization  lagoons.  Effluent  from  thc^  I igoons  will  be  dispc-sed 
by  "pray  irrigation.  The  projects  were  completed  recently.  The  systc-m 
is  di':.  I.jned  to  servo  1,000  people  which  should  provide  5er\'lcp  at  least 

through  l->^0.  The  project  tinanced  bv  a Ttate  g^'ant  and  and  F‘-'A  pr-art. 

Alto  (Rowne  Towns*' i p improv'^ept  Distr i ct  7 1 

At  the  present  time  no  municipal  waste  treatment  faci  I i*-/  exists 
in  Alto.  The  population  is  served  by  private  septic  tanks.  The  Vi  Made 
has  proposed  to  provide  a sewage  collection  svstem  and  lacoons  for  sew  'pe 
treatment.  T'-e  facility  would  serve  400  people,  r'ischarqe  would  be  ^nl, 
during  high  flows  in  Pratt  Laho  Drain  w.h  I ch  is  a tritu+ary  to  the  Ti,-,re;-'  ic 
'Tver.  Alto  nar  applied  for  a I97|  construction  cr  a-  ‘ . The  public  s-.  hool 
s 'uid  be  required  to  connect. 

Pott  'rvi I |e 

Fotterviile  is  served  by  a wa;stewa+er  collection  system  ;nd 
t (li/ftiin  I -1  r.  rs  ■■•■hich  went  info  oper.af  ion  in  May.  inf-.h.  r.tfluent 
frow,  -he  pends  i-.  discharged  twice  yearly  to  a county  drain  which  flews 
to  the  Th.-.rn.;p|e  population  is  I , .'’58  and  the  I'^hO 

populati'.n  P'  u'.-tion  is  1.410.  The  system  is  dosiqned  to  serve  th.>  City 
throunh  nog.  P,+tcTville  received  a Ttate  gr.mt  to  a s i ■.  t in  ccn:tructien 
of  the 


Summary 


General  wa1er  quality  conditions  in  the  Thornapple  Piv'or  are  <y 
Increases  in  organic  material  and  temoeratures  Dolc'w  norulation  center-^ 
with  wastewater  discharges  have  been  experienced.  These  conditions  are 
less  frequent  than  they  were  a few  years  ago  and  will  bo  incroasirnly 
less  frequent  and  less  severe  as  existing  municiral  .vastf  water  treat'^en: 
plants  attain  a higher  degree  of  treatment  and  small  communities  begin 
operation  of  facilities  for  the  first  time.  The  majority  of  this 
expansion  will  be  realized  in  the  near  future. 

Ten  communities  have  discharges  to  fhe  fhorrapDle  Piver  af  t!,I- 
fine.  Five  of  them  will  be  or  are  in  the  process  of  upgrading  ■'■eir 
treatment  facilities.  One  of  these  tivo  will  utilize  spray  irriaati-.e 
and  so  will  have  no  further  discharge  to  the  river.  Two  cities  recently 
completed  construction  of  treatment  facilities.  Three  of  the  five 
villages  which  at  present  have  no  municipal  treatmenr  system  will  also 
use  sp ray  irrigation.  This  will  leave  six  commun i t i es  discharging  to 
the  Thornapple  River.  All  now  have  plans  or  construction  underw.ay  to 
provide  adequate  treatm.ent  of  their  wastes. 
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FLAT  RIVFR  BASIN 
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McBride 

The  Village  of  McBride  is  on  +he  unper  reaches  of  tne  flat  River. 
McBride  has  been  told  by  the  Water  Resources  Cor;mission  that  a solution 
to  the  existing  problem  must  be  found.  The  problem  is  that  manv  homos 
are  connected  to  storm  drains  in  the  Village  allowing  untreated  sew."^^ 
to  reach  surface  waters.  The  Village  orginally  proposed  to  have  each 
property  owner  install  acceptable  septic  tanks  since  soil  conditions  are 
good  for  this  and  lot  sizes  average  larger  than  normal.  "'cBride  ha  no* 
applied  for  a 1971  construction  grant  to  provide  treatment  by  lagoon-, 
for  municipal  waste.  Further  staff  study  is  needed. 

Edmore 

A lagoon  type  treatment  facility  was  put  into  operation  in  |0;'4 
Edmore.  At  present,  the  facility  serves  about  1,500  people.  It  has  a 
design  capacity  of  2,000.  A twice  yearly  discharge  is  made  to  Stony 
Creek,  a tributary  of  the  Flat  River,  and  treatment  is  adequate  to 
prevent  degradation.  Edmore  received. a construction  grant  for  the 
project  in  I96'I. 

Greenvi I le 

Greenville  is  located  on  the  Flat  River.  Its  present  primarv  trp-;-*- 
facility  serves  8,300  people.  The  City  signed  a Stipulation  with  the  Wate' 
Resources  Commission  in  April,  1969,  agreeing  to  provide  secondary  -*-rpat 
ment  and  80  percent  phosphorus  removal  by  December  l<^72.  Since  that 
time  final  engineering  plans  have  been  submitted  to  the  Commission.  The 
plans  propose  a design  flow  of  1.5  MGD  from  a secondary  treatment  plant 
utilizing  oxidation  towers.  Design  population  is  12,000.  Construction 
began  in  June,  1971.  There  are  no  major  industrial  wastes  treated  bv  the 
municipal  system. 

Be  I ding 

This  community  of  about  5,000  people  is  achieving  good  re-  alt- 
their  lagoon  type  waste  treatment.  The  facilitv  was  designed  to  acccrcda-fe 
an  average  flow  of  1.2  MGD  and  a population  of  8,000.  Presentlv  'the  flew 
treated  is  .50  MGD.  BOD  removal  achieved  when  disch.!rq  in-:  to  the  riven 
is"92  percent.  Suspended  solids  remova I is  dQ  percent 
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Belding  is  somewhat  unique  in  that  they  have  applied  for  and 
received  a Federal  grant  to  experiment  with  spray  irrigation  as  a waste 

treatment  method.  This  program  is  now  underway. 

Lowe  I I 


A Final  Order  of  Determination  was  issued  to  Lowell  in  1970  to 
abate  pollution  of  the  Grand  River.  A primary  wastewater  treatment 
plant  >^as  been  serving  the  community  of  3,000.  The  planf  has  achieved  a 
EOD  level  of  41  mg/ I and  46  mg/ I of  suspended  solids.  A combined 
sewage-stormwater  flow  of  .918  fdGD  flows  through  the  plant. 

Lowell  has  applied  for  a 1971  grant  in  order  to  upgrade  the  primarv 
treatment  and  add  phosphate  removal.  By  use  of  FeCI  as  a p reci p i tator , 
enough  BOD  and  S.S.  will  be  removed  without  going  to  secondary  treatment 
according  to  their  engineering  report.  Storm  sewer  flow  will  bo 
separated  from  sewage  flow  and  the  design  flow  of  the  modified  facilily 
will  be  .80  '-'GD.  The  design  population  is  4,100  and  construction  Is 

scheduled  to  be  completed  by  December  I,  1972. 

Summary 

Surface  water  conditions  are  generally  good  in  the  Flat  River 
Basin.  Organic  loadings  and  short  term  oxygen  depressions  have  been  found  cn 
occasion  below  the  communities  discharging  to  the  Flat.  Only  five 
communities  discharge  to  the  surface  waters  in  this  basin.  Two  of  these 
communities  now  have  adequate  treatment  and  the  other  three  are  cemmitted 
to  providing  a higher  degree  of  treatment  in  the  near  future. 
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7. 


ROGUE  RIVER 


Casnovia 

Casnovia  is  a communi'ty  oE  approxi  ma+e  I y 'lOO  people  loca+ed  on  the 
upper  reaches  of  the  Rogue  River.  Presently,  private  septic  tanks  are 
used  for  sewage  treatment.  Casnovia  has  applied  for  a 1971  grant  •‘or 
the  purpose  of  construction  of  a collection  system  and  lagoons  for  waste- 
water  treatment.  This  project  has  a design  population  of  560.  The  Village 
has  a Einal  Order  of  Determination  from  the  Water  Resources  Commission. 

The  Village  is  in  default  of  that  order  and  the  matter  has  been  referred 

to  the  Attorney  General. 

Kent  City 

Kent  City  has  been  served  since  the  mid-i930's  by  a primary 
treatment  facility.  This  septic  tank  and  sand  filter  system  was  servino. 
about  550  people  and  was  becoming  quite  inadequate.  The  community 
received  a 1967  WPC  grand  and  they  completed  a I ageen  system  in  the 
year.  This  waste  water  treatment  facility  now  handles  *^ent  Ci't’v's 
.06  MOD  sewage  flow  and  provides  adequate  treatment  to  mept  water  quality 

standards  set  for  the  Pogue  River. 

Sparta 

Treatment  is  provided  by  a trickling  filter  with  phosphorus  re- 
moval. Stormwater  overflow  has  been  eliminated. 

A I noma  Township 

At  present,  Alcoma  Township  residents  are  served  by  individunl 
septic  tanks.  This  method  is  proving  to  be  unsatisfactory  due  to  the  afrvpun^- 
of  seepage  from  the  tanks  into  Camp  Lake.  The  problem  has  intensified  in 
recent  years  due  to  bne  increased  use  of  Ga-'-.p  Lake  as  a residential  and 
recreational  area.  The  Township  has  a l''>7l  WPC  grant  application  for  fund 
to  assist  in  the  construction  of  a col  lection  system  and  lacoons  to  serve 
a projected  population  of  600  In  the  Camp  Lake  area. 
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Sand  Lake 

This  is  a small  ccmmuni+y  on  the  upper  reaches  of  Duke  Cre^k  wn i ch 
is  a tributary  to  the  Rogue  River.  Treatment  is  provided  by  a lagoon 
system  and  is  .adequate.  Discharge  from  the  lagoon  is  permitted  semi -ann  j..  I I v . 
Ultimate  needs  may  require  spray  irrigation  because  of  the  small  receiving 
str earn. 

Cedar  Srrinos 

The  Vi  I luge  of  Cedar  Springs  was  served  unt i I 1970  by  a 2 cel  I 
oxidation  pond  built  in  the  I930's.  This  facility  became  inadequate  and 
the  community  is  in  the  process  of  building  new  stabilization  I aaocnr . 

These  lagoons  which  have  a design  population  of  3. 1 00  are  being  builf 
with  the  aid  of  a 1970  WPC  grant.  Construction  is  scheduled  for  comnletion 
in  August  of  1^71.  Upon  completion,  this  facility  will  adequafely  treat 
the  wastewater  of  Cedar  Springs  to  r.eet  the  water  quality  standards  c 

Cedar  Creek,  a tributary  of  the  Rogue  River. 

Rockford 

The  Village  of  Rockford  is  a nart  of  the  North  Kent  Sewage  Disposal 
System.  Rockford's  12,000  plus  residents  were  served  by  a primary  waste- 
water  treatment  facility  until  1969.  In  1969,  the  village  connected  tc  an 
interceptor  system  which  transports  the  communities  sewage  to  the  '~rand 
Rapids  wastewater  treatment  plant.  The  interceptor  is  designed  to  accomodate 
and  estimated  population  of  50,000  by  the  year  2020.  Rockford  received 
a 1968  WPC  grant  for  this  project. 

Summary 

The  Rogue  River  is  a fast  moving,  good  quality  stream.  Certain 
segments  of  the  river  have  in  the  past  exhibited  high  fecal  colifora- 
tota I col i form  ratios.  Downstream  from  population  centers  orqanic  lords 
are  higher.  Only  six  municipalities  n.'w  discharge  to  the  Rocue  Piv’'-. 

Three  of  these  comnunifies  have  upgraded  facilities  very  recently  and 
now  adequately  protect  the  river  and  one  is  in  the  process  of  providinn 
misre  treatment.  Two  other  villaqes  will  be  providing  adequate  1rea  + m,->rt 
in  the  near  future.  Water  quality  will  be  maintained  on  the  Roque  River. 
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(5)  Industries  Pi  sc.h  arci  n,T  to  Surface  Waters  in  the  Grund  River  Ras  i n 
I.  I dent  i f i C;Tt  I cn  of  Industries 

Location  Wastewater  Control  Ctatus 


Jackson 

I . 

Clark  Equipment  Company 

A 

2. 

Dyecast  Corporation 

A 

3. 

Goodyear  Tire  and  Rubber  Company 

R 

4 . 

LaPere  Forge  and  f-‘acL)ine  Company 

B 

5. 

Penn  Central  Ra i I road 

n 

6. 

Pittsburgh  Forcing  Company 

n 

De I ta  Townshi d 

I . 

G.M.C.  Parts  Division 

A 

Lans i ng 

I . 

G.‘'.C.  Olds  Forge  Division 

A 

2. 

John  F>ean  Corporation 

B 

3. 

Otto  E.  Eckert  F’ower  S+ation 

Lansing  Board  of  Water  and  Light 

D 

Fow I e rv i 

I le 

I . 

Hoover  Ball  and  Bearing  Comoanv , Utilex  Piv. 

R 

Ovi  d 

I . 

Michigan  Milk  Producers  Association 

A 

Elsie 

I . 

Hancock  Industries,  Inc. 

B 

St.  Johns 

I . 

Federal  Mogul  Corporation 

E 

P 

Carson  Ci ty 

I . 

Vlasic  Foods,  Inc, 

D 

2. 

Crystal  Refining  Company 

Port  I end 

I . 

T . R.W . Inc. 

D 

c 

Ionia 

I . 

Integral  Engineering  and  Manu factur i ng  Corp. 

B 

L owe  I I 

I . 

Attwood  Corporation 

R 

Sfl  roPidC 

I. 

Universal  ‘'eful  Product. 

A 

V-'M 


Location 


Wastewdlor  Control 


Sparta 

I . Sparta  Foundry  Company  B 

Lyons 

I.  Chrysler  Corporation  Lyons  Trim  Plant  A 

Ada 

1.  Ada  Beef  Cc^mpany  A 

2.  Amway  Corporation  D 

D 

Hast i ngs 

1 . E.W.  Bliss  Company 

2.  Hastings  Aluminum  Products,  Inc. 


3.  Hastings  '’anutacturi  ng  Ccmpanv  '■?.  .'ut'alls)  A'' 

Ba i ley 

I.  Vintage  F ods  f 

Charlotte 

1.  Allen  PacKing  Company  A 

2.  Owens-Illinois  ''lass  Com.r-any  { 

A I lenda le 

I.  Allendale  Packing  temp  any  A 

Mi dd levi I le 

I.  Bradford  White  Company  D 

Sheri  dan 

I.  Carnation  Milk  Company  A 

Edmo re 

I.  Aunt  Janes  Foods,  Div.  of  Borden,  Inc.  B 

Be  I di ng 

1.  Extruded  Metals  Company  p 

2.  Indian  Summer  Company  A 

3.  White  Consolidated  Industries,  Gibson  Products  D 

Di y i s ion  ^ 

Wa I ker 

1 . Bi sse line.  A 

2.  Bissell  Inc.,  - Indian  Mill  Creek  D 

Ash  ley 

I.  Portec,  Inc.  A 

Kent  City 

I.  National  Fruit  Products  Company,  Inc.  A 

Six  Lakes 

I.  Michiaan  Consolidated  ''.^5  Company  A 
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c.  o 


Location 


Wastewater 
Control  Status 


Cascade  Township  (Kent  County) 

I .  Cascade  Data  Computer  Systems 

Grandv i 1 I e 

1.  Jervis  Corporation 

2.  Nelson  Metal  Products,  Div  of  Midland  Ross  Corp. 

3.  Packaging  Corporation  of  America,  American  Box  Bd.  Div. 

Grandvi I le 

1.  Federal  Mogul  Corporation 

2.  Greenville  Fetters  Co.,  Greenville  Corp. 

3.  White  Consolidated  Industries,  Gibson  Products  Div. 


Wvomi ng 

1.  Chesapeak-Oh io  R.R.  Yards 

2.  G.M.C.  Diesel  Equipment  Division 

3.  Kelvinator  I ncorporated 


Grand  Rapids 

I.  Packaging  Corporation  of  America 
Grand  Haven 

1.  A.S.P.  Manufacturing  Company 

2.  Challenge  Stamping  and  Porcelain  Cpompany 

3.  Eagle  Ottawa  Leather  Company 

4.  Grand  Haven  Stamped  Products  Company 

5.  Grand  Haven  Brass  Company 

6.  Municipal  Power  Company 


Total  Industries  Listed  --  66 


A - 28 
B - 15 

D - Total  13 


D - 5 

D - 3 
P 


E Total  - 
E - 3 


E - 4 
P 


EP-  I 


sp 


9 


Subscr i pts : 

c - construction  underway 
p - plans  being  prepart-’d 
5 - studies  underway 


Annual  Rating:  A - Control  adequate 

B - Control  provided  - Adequacy  not  fully  established 
D - Control  provided  - unreliable 
E - Control  inadequate 
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»V3ter  Quj  I i ty  Standards  and  Protected  Uses 


Act  245,  Puo  I i c Acts  of  1929,  as  amended,  set  forth  the  Michigan  '.vater 
Resources  Commission's  authority  to  establish  Intrastate  Water  Quality  Standards 
and  use  designation  areas.  This  act  reads  in  part:  "An  act  to  create  a water 
resources  commission  to  protect  and  conserve  the  water  resources  of  the  state, 
to  have  control  over  the  pollution  of  any  waters  of  the  state  and  the  Great 
Lakes,  with  power  to  make  rules  and  regulations  governing  the  same..." 

Section  5 and  Section  6(a)  of  this  act  relate  directly  to  the  Commission's 
authority  to  adopt  regulations  to  control  the  pollution  of  the  inland  waters 
of  the  State  as  they  do  to  the  Interstate  waters. 

Sec.  5.  "The  commission  shall  establish  such  pollution  standards  for 
lakes,  rivers,  streams  and  other  waters  of  the  State  in  relation  to  the 
public  use  to  which  they  are  or  may  be  put,  as  it  shall  deem  necersarv." 

Sec.  6(a).  "It  shall  be  unlawful  for  any  person  directly  or  inilirectly 
to  discharge  into  the  waters  of  the  state  any  substance  which  i s or  may 
become  injurious  to  domestic,  commercial,  industrial,  agr  I cu  I -f  ura  I , 
recreational  or  other  uses  which  are  being  or  may  be  made  of  such  waters: 
or  which  is  or  may  become  injurious  to  the  value  or  utility  of  riparian 
lands;  or  which  is  or  may  become  injurious  to  livestock,  wild  aninah  , 
birds,  fish,  aquatic  life  or  plants  or  the  growth  or  propagation  thereof 
be  prevented  or  injuriously  affected;  or  whereby  the  value  of  fish  and 
game  is  or  may  be  destroyed  or  impaired." 

Water  quality  standards  were  adopted  by  the  Water  Resources  Comt'MS:.icn  on 
January  4,  1968,  for  all  the  waters  within  the  State.  The  water  use  tosi  init'i'.-n 
areas  were  adopted  on  March  20,  1969,  following  a series  of  public  hoariiii';. 

The  standards  for  the  water  qualify  parameters  that  relate  to  eai.  ti  ',pei.  itir 
use  are  shown  on  Table  V-7.  Once  the  designated  uses  for  a body  of  w it-.n-  .u  " 
known,  the  most  restrictive  standards  for  each  parameter  can  be  defermined  from 
fhe  table.  The  riKist  restrictive  standards  then  become  the  standards  necesr.ar, 
to  achieve  the  quality  of  water  required  to  moot  the  uses  designated. 
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A-i  sta+ed  in  the  Michigan  Intrastate  Water  Quality  Standards  "thu-  stream 
flows  to  which  the  standards  wi I I apply  are  those  equal  to  or  exceeding  the  10 
year  recurrence  of  minimum  low  flow  average  of  7-da>  dural  ion."  This  means 
th.it  the  quality  will  exceed  that  required  for  the  specified  use  designation 
dll  but  a small  fraction  of  the  time. 

Designated  uses  for  surface  waters  within  the  basin  will  be  shown  on  a 
separ-ate  set  of  maps,  which  will  be  made  a part  of  this  reoort  at  a later  date. 


5.  Water  Uses. 


a.  Introduction.  Water  use  intensity  varies  widely  in  the 
Grand  River  basin.  Some  areas  are  subject  to  heavy  withdrawals  for  domestic 
and  industrial  water  supply  and  irrigation.  In  other  areas  the  w i +h.draw  ; I 
uses  are  at  a minimum  but  recreational  use  is  intense.  Ir'-igation  as  a water 
use  .also  varies  widely  within  the  basin. 


Five  of  the  ten  leading  counties  in  the  State  in  terms  of  acres 


irrigated  are  partially  or  wholly  within  the  basin.  There  .are  a total  of 
■.:8,T0f-  acres  under  irriga’^ion  in  the  basin,  about  28  percent  o*  the  State 
t-tal.  Statewide,  the  average  amount  of  water  applied  per  acre  is  t.s 
inches.  This  gives  a total  of  119,181  acre  inches  per  year  used  for  irri- 
gation. There  are  5-11  individual  irrigators  in  t^e  b.isin  p8'  relv  on 
groundwater  sources  for  supply  while  262  rely  on  surface  water.  Figure 
1-1  shows  the  irrigation  distribution  in  the  Grand  River  basin. 


b . Municipal  Water  Supply 


Community  growth  is  dependent  to  a very  large  extent  upon  the  continuous 
avaiiabilitv  of  an  economical  supply  of  potable  water.  All  land  use  activities, 
whefher  they  are  residential,  commercial,  industrial  or  public,  possess  certain 
unique  and  basic  water  requ i rements  and  therefore  must  locate  where  the  supply 
is  capable  of  satisfying  this  demand.  Development,  regardless  of  type,  occurs 
where  water  is  economically  available. 

In  planning  area  WL-08-30,  there  are  a total  of  75  communities  which 
have  municipal  water  supply  systems.  Of  the  10  municipalities  in  the  basin 
relying  on  surface  waters,  2 use  inland  sources.  Rockford  gets  water  from  the 
Pogue  River  and  Grand  Rapids  uses  the  Grand  River  frequently  durino  the  summer 
or  when  use  exceeds  Lake  Michigan  plant  capacity.  The  other  8 use  Lake  Michigan 
for  water  supply.  The  following  discussion  (pages  V-52  thru  V-56)  describes 
municipal  water  use  by  river  basin. 

Grand  River  Basin 

The  Grand  River  Basin,  due  to  its  vast  land  area  and  because  of  the 
largo  numbers  of  people  and  urban  centers  which  it  encompasses,  has  been 
segmented  into  eight  sub-basins.  Data  on  each  of  these  sub-basins  have  been 
collected  in  a uniform  manner,  similar  to  that  presented  for  each  basin.  Followina 
the  sub-basin  water  consumption  segments,  a summation  of  the  total  Grand  River 
Basin  is  presented  for  basin  comparison. 

Grand  River,  Main  Branch  Sub-Basin 

There  are  34  communities  within  the  Main  Branch  Sub-Basin  which 
receive  their  water  supply  via  municipal  systems.  Of  those,  26  are  served  by 
groundwater  sources,  while  eight  relv  upon  l.ake  Michigan.  These  two  supply 
sources  servo  ..'53,548  and  289,182  residents  w’th  14, 974. '^5  and  16,996.55  MGY 
respectively.  The  average  daily  water  demand  by  municipal  systems  in  the 
juh-basin  is  87.59  MOD,  while  tha  iverage  daily  municipal  wafer  use  per  capita 
is  168  GPD. 
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0 . 50 

- 

f jton 

17,200 

4. '■3.50 

68.50 

.M  .00 

1 ■■ . 

1 ngham 

118,700 

2, 31'. 56 

3, 1 or .73 

1 , 7' 6 

:r  ■•.‘■f 

Ionia 

15,602 

CO 

or: 

1 3t  . 74 

50  . H4 

••.nr 

Jackson 

66, 744 

1 ,3b5.76 

7,674.02 

727.41 

■ M . 1 4 

Kent 

280,786 

5. 717.87 

4 ,91  “;.87 

7 /TC.  . ' 

30-:-.  '1 

'Ion  tea  1 m 

702 

16.77 

- 

5 . 00 

‘Ottawa 

22,006 

F5?  . 10 

668.33 

.*0  1 , 

Sub -Pas i n 

Total  s 

522,730 

10,800.07 

1 1 ,568.20 

,7  ;7.  'c 

. o C;  r ^ • •: 

‘Orjnd  Haven  receives  part 
from  nroundw-ater  sources. 

of  its  water 

SUPP 1 V via  the 

Oro.it  l.aKes 

;nd  car* 

1.  Total  consumption  ‘inure  includes  1 
the  Citv  of  Orand  Rapids 

,810.40  MOY  of 

unaccounted 

.vrter  M’C". 

F'lut  River  Sub-Basin 

AM  of  fhe  four  ^0'/ernmentol  units  which  receive  fhnir  water  ‘.uonlv  vij 
municipal  systons  within  the  Flat  River  Suh-Rasin  have  greundwatem  as  thoi-- 
source.  These  nroundwaters  supply  16, <150  individuiMj  with  l.hO?.S'J  “.r-Y.  Av.'rac'' 
daily  water  demand  bv  mu'Mcipal  systems  in  the  sab-basin  is  d.l?  *-f.'  , w'lile  ‘■be 
average  daily  municinal  water  use  per  capita  is  760  F'hf. 


TOPHI  ATI  ON  FPRvr.i)  ANO  CONGUMfl  I ON 


Fiat  River  Suf'-Pasin 

TOpjl  ition  Corved  Consumption  bv  IF"  Catenr ry-‘’r.Y 


County 

Bv  M :n i c i na 1 Sys  terns 

ties . 

lr.d_. 

1 n-. fj  ‘ . 

Ionia 

5 ,000 

107.37 

5R5.48 

.’0.47 

1 b 

Kent 

2,800 

8/. 00 

1 10.00 

‘i.OO 

1 .6  7 

Monf  c.i  1 m 

8,650 

781 .67 

.'68.5.1 

67. 18 

Ib.OI 

Sut'-Ras  i n 

Total  ■■ 

H ,4  50 

■•.71  .00 

574 .52 

77.  f. 5 

,'0 . ' < • 

V-b' 


Mjple  River  Sub-Rasin 

The  11  communities  which  receive  their  water  suppiy  via  municipal  systems 
within  the  Maple  River  Sub-Rasin  all  use  groundwaters  as  their  source.  The 
groundwaters  supply  16,690  residents  with  797.29  MGY.  Average  daily  water 
demjn»i  by  municipal  systems  in  the  sub-basin  is  2.18  MGD,  while  the  average 
daily  municipal  water  use  per  capita  is  131  GPD. 


POPULATION  SERVED  AND  CONSUMPTION 
Maple  River  Sub-Basin 

Population  Served  Consumption  by  Use  Cateqory  - Mr-.y 


Count'.’ 

Bv  Municipal  Systems 

Res . 

1 nd . 

Comm . 

Insti^. 

C 1 i nton 

1 , 3 1 8 

189.02 

285.36 

94.85 

15.05 

Gratiot 

921 

35.86 

1 .00 

0.84 

0.50 

Ionia 

1,150 

36. 4Q 

- 

- 

2.19 

Mon  t-c  J 1 rn 

2,300 

63.51 

55.00 

10.63 

7.00 

ub-Mj3 i n 

Total  . 

16,689 

324.88 

34  1 . 36 

1 06 . 32 

24  _.  74 

Thornjpple  River  Sub-Basin 

There 

are  IT, 245  residents  in 

the  Thornapple  River 

Sub-B.^s  i n 

which  receive 

i h e i r w i T e r 

supply  from  the  eight  municipal  groundwater  systems. 

These  syst'  O-s 

■ uii'ly  some 

937.85  The  average 

daily  water 

demand  bv  municip 

al  syst(.''ms  in 

ttio  '■.ub-ba-r. 

in  is  2.57  MOD,  while  the 

average  daily  muriicipal  water 

use  per  c.jpif 

i ; 180  CPD. 

V 

POPUl.ATK'tl  SERVED  AND  CONSUMPTION 

Thornapplo  River  Sub-ftisin 


Population  Served 

Consumption  bv 

Use  Cati 

^lorv  - 

County 

By  Municipal  Systems 

Res . 

1 nd . 

Comrr . 

1 rv'  * i t . 

' ir TV 

9 ,795 

276.26 

401  .58 

40.93 

‘u  . T« 

‘ iton 

2,64/ 

46. 76 

2 . 78 

. '.33 

4 . 7 

1 on  I 1 1 

1 ,800 

40.00 

67.00 

1 .00 

1 .on 

' .ub-Bas  i n 

lot  1 1 

1 4 ,242 

363.02 

471 .36 

45. 2t 

'■8.21 

Cedar  River  Sub-Basin 


All  of  the  eight  governniental  units  which  receive  their  water  supply 
via  municipal  systems  within  the  Cedar  River  Sub-Basin  have  groundwaters 
as  their  source.  These  groundwaters  supply  some  49,200  persons  with 
3,889.63  MGY.  Average  daily  water  demand  by  municipal  systems  in  the 
sub-basin  is  10.66  MOD,  while  the  average  daily  municipal  water  use  per 
capita  is  217  GPD. 


POPULATION  SERVED  AND  CONSUMPTION 
Cedar  River  Sub-Basin 

Population  Served  Consumption  by  Use  Category  - MGY 

County By  Municipal  Systems Res . Ina. Comm. Insti  t. 

Ingham^  47,455  1,487.57  390.45  137.26  1,783.10 

Livingston  1,751  86 . 05  0.67  2.84  1 .70 

Sub-Basin 

Totals  49,206  1,573.62  391.12  140.10  1,784.80 

1.  The  40,000  student  population  at  Michigan  State  University , was  not 
included , due  to  the  transient  nature  of  the  student  body. 


[,ook  I ri'j-i  I ass  , Ro;ue,  jnd  Portage  .uti-hd'  in. 

Comparative  data  for  the  ten  communities  which  receive  their  water 
supply  via  municipal  systems  is  noted  by  basin  as  follows: 

Look!:.  ; :las-:.  -:i  ver  oub-i^asi  n 


Source  of  supply 
Population  served  by  source 
Mater  consumption  by  source 
Water  consumption  by  use  category 
MGY 

Average  daily  demand  by  all  basin 
systems 

Average  daily  municipal  water 
use  per  capita 

" i r .Ji  - I'  i n 

Source  of  supply 

Population  served  by  source 

Water  consumption  by  source 

Water  consumption  by  use  category 
Mi:y 


1 groundwater  system 

1,370 

24.00  MGY 

Res.  Ind.  Comm.  Insti t. 
21.50  - 0.50  2.0 


0.07  MGD 


48  GPD 


6 groundwater  systems;  2 withdrawals 

from  surface  waters  other  than  the 

Great  Lakes 

groundwater  13,68'> 

surface  waters  2,800 

groundwater  553.  Mi  MGY 

surface  waters  1)8.22  MGY 

Res.  Ind.  Comm.  Inst  it. 

471.95  1)8.65  71. bS  9.89 


Average  daily  demand  by  all  basin  systems 


1.90  MCD 


Average  daily  municipal  water  use  per  capita 


F’  rFj  ;"  Ri  -ub-tiisi  n 


iiS  GPD 


There  are  presently  no  communities  within  the  Portage  Fiver  Sub- 
basin  which  operate  a municipal  water  supply  facility. 

Grand  River  Basin  - Total 

There  are  75  communities  within  the  Grand  River  Basir.  which  receive 
their  water  supply  via  municipal  systems.  Of  these,  64  are  served  by 
groundwater  sources,  eight  by  Lake  Michigan  and  two  rely  upon  surface 
waters  other  than  the  Great  Lakes.  These  three  supply  sources,  serve 
345,194;  289,182  and  2,800  basin  residents  with  22,680.52  MGY,  16,996.35 
MGY  and  138.22  MGY  respectively . The  average  daily  water  demand  by 
municipal  systems  in  the  basin  is  104.10  MGD , while  the  average  daily 
municipal  water  use  per  capita  is  163  GPD. 


MUNICIPAL  WATER  SOURCE  AND  CONSUMPTION 


Gr^ind  River  Bjsin  - Total 


County 

Population 
in  Banin 

Population 

Munici pal 
Systems- (%) 

Served 

Individual 
Wells-  (%) 

Consumption  by  Use  Category  MGY 
Res.  Ind.  Comm.  Instit. 

A1 Icgan 

311 

_ 

311  (100) 

_ 

_ 

Barry 

24,438 

9,795(40) 

14,643(60) 

276.26 

401.58 

40.  93 

52.48 

C a lhau n 

97 

- 

97(100) 

- 

- 

- 

- 

Cl i nton 

37,936 

13,218(35) 

24,718(65) 

199.02 

285.36 

99.85 

15.05 

Eaton 

35,594 

19,847(56) 

15,747(44) 

470.26 

71.38 

24.33 

21  . - } 

Gra  tiot 

6,979 

921  (13) 

6,058(87) 

35.86 

1.00 

0.84 

0.  ■ 

Hi  llsdale 

346 

- 

346(100) 

- 

- 

- 

- 

Inuh-tm 

209,463 

166,155(79) 

43,308(21) 

3,807.13 

3,497.18 

1,504.22 

2,206.7-^- 

1 on  i a 

43,165 

23,552(55) 

19,613(45) 

567.67 

749.72 

72.31 

409. 

Jackson 

118,261 

66,744(57) 

51,517(43) 

1,355.76 

2,674.02 

727.41 

64  1.14 

Kent 

361,730 

300,075(83) 

61,655(17) 

6,276.82 

5,162.52 

3,572.31 

406.80 

Livings  ton 

5,247 

1 ,751 (33) 

3 ,496  (67) 

86.05 

0.67 

2.84 

1.  70 

Affoos  ta 

263 

- 

263(100) 

- 

- 

- 

- 

Montcalm 

28,525 

11,742(41) 

16,783(59) 

361.51 

323.54 

67.81 

2 - . >1 

.Muskegon 

8,563 

- 

8,563(100) 

- 

- 

- 

- 

Newaygo 

1 , 571 

- 

: ,571  (100) 

- 

- 

- 

- 

ot tawa 

51,181 

22,006(43) 

29,175(57) 

659.10 

668.33 

69.88 

81.  <6 

-■7i  1 aw  issee 

11,814 

1,370(12) 

10,444(88) 

21.50 

- 

0.50 

0..’a 

Washtenaw 

461 

- 

4hl  (100) 

- 

- 

- 

- 

fi.isin 

Tot  1 Is 

945,945 

637 ,176  (67) 

308 ,769(33) 

14,116.94 

1 i, 835. 30 

6,18  1.23 

3,862.8 < 

c 


IjUu^  rri  1 1 r ipp  I y . 


Industruil  location  also  reflects  t hti  avnilahil  itif  of  an  econofnical 
water  supnlil.  Tl^one  indnstrl ts  which  require  Itiige  amounts  of  wati-r 
for  cool  : t::,'  <v  rrocessl  n ; tend  to  locate  nt.‘ar  the  Croat  Lakes  or  their 
connecting  Secondary  fabrication  an!  sorcice  industries  arc 

not  so  dt'i  ■ nuent  upon  u large  source  ol  v.’ater  and  consequently  tend  to 
locate  inlatid. 


ir.i  I-  I Hv  w IS  leveloped  to  show  in.lu'  Irie;  in  tne  basin  w ich  r Iv 
■■nl  ly  r pirtl.iH/’  upon  prl'/ntn  sourenn. 

REGIONAL  is’ATER  USE 
BY  INDUSTRIES  USING 
PRIVATE  SOURCES  OR  SUiELY 


Numlicr  Conjumption  Ly  soui  ce  of  supply-MGY  Total 


R i vor  Ha.  ■ : n 

Report ing 

Mun. 

Groun<! 

Surface 

Consut.u  i it 

Grand  (.’tain  Br 

978.7 

2,365.4 

25,100.3 

28,4  !4.4 

Cedar 

3 

25. 0 

213.5 

- 

238.5 

Elat 

5 

- 

588.1 

5,764.6 

6,352.7 

Looking  Glar.s 

nonr 

rcpoi'  tpd 

- 

~~ 

~ 

- 

U.iple 

2 

-• 

187.0 

- 

187.0 

Poi  ( .tqv 

none 

rr/Jor  tt'd 

~ 

~~ 

~ 

Rogue 

4 

- 

97.0 

416.0 

51  3 . 0 

Thornapple 

2 

237.6 

83.4 

- 

321.0 

Totals 

1.  ■•=  ^i  : 

48 

in  1 r.  !'  ^rl  il  lie 

1,241.3 
1 =tt'  1 i spo' 

3,534.4 
il  . 

31,280.9 

36 ,036 . 6 

Traditionally  water  has  been  used  as  the  agent  to  assimilate  and 
convey  warl-r:  yenerat  <'d  by  mtin  id  pal  i t i f'S  and  J ndustrien.  Wbt'n  the 
fit  St  communi t i ; an!  industries  in  the  basin  were  establ istfd  , t he 
sur.’ace  wafi’.'.:  leceiviny  discharges  were  capable  of  handliny  thi.'  strall 
loads  of  wastes  iienrrati<! . 

Today,  th'  y:ie  of  surface  waters  for  wast.e  .nss : r::  i la  t ; on  conn-t-'s 
with  other  in;>ort  a;>‘.  uses.  Wastes  d i sdi  treed  wititotn  proper  treatment 
may  attect  I’ublic  health  and  conllict  with  ot  hei  use.s  of  sttrlaci'  water.:. 

As  comitunit  ies  .in<J  industries  grow,  treatment  lacilitiei,  must  /><•  improve! 
and  mcylern  i red  to  insure  tl.at  the  quality  ol  the  water  it.  m.iinta:rii'd  ter 
all  the  desianati'd  u.e's. 

lit'  i ,if  ot  mat  i on  j.re  -.ented  tti/'  tollowin.;  talde  det,cri}-'S  munieip.il 
and  incuslr'..!  disdi.i:  fs  wilhir.  t/i”’  This  int(.rmat:en  it.  .irr  inaid 

hy  w.it  er::.'.eii  .,n.i  I’.ihett  ih  .r,  to  the  tufes  ol  Uttes  protectee,  at  ea 
belitw  thf'  ./ 1 ... -.'i.jf  a-  . ■ . '-‘.tps  sitoh  t nj  the  lOe'ation  ot  dischaiti.:  i>ithir.  t.'.r 

b.isin  are  on  the  pi  tes.  tollowina  the  w.iste  di :;.-l’ar-;e  tail,  . 


T'r!;r''iPTin';  nr  "i  N[(  '^T''r -j  '•  niy'"' i '’  vTTias  hasin 


ACTI'.ffiS  TAf'lA 


SCJf.  Adopted 


Table  V-7  (Cont'd) 


■jpgrsiiti^  to 


Table  V-7  (Cont'd) 


Table  V-7  (Cont'd) 


ticfng*; 


fable  V-7  (Cont'd) 


> *03/1(2  y 


l^joor. 


Iiulex  to  Abbreviations  used  in  Table  V-7 


■<  I'l  otccted  Uses 


A- 2 Water  Suyi'ly  - Domestic 

A-2  Water  Suprly  - Industrial 

l!-l  Rccri-at  ion  - Total  Bc<iy  Contact 
P-2  Reel  eat  icn  - Dartial  Dcdij  Contact 
C-1  Fish,  Wildlife  and  Other  Ayuatic  Life 

C-2  Fish,  Wildlife  anri  ot  hei'  Aquatic  Life 

C-3  Fish,  Wildlite  and  other  Aquatic  Life 

C-4  Fish,  WiidlUe  and  ctitar  Aquatic  Life 

D Aau  icul  tuie 
F.  Conmorcial  ar.d  Other 


Intolerant  Fish,  CoJdwater  Species 
Intolerant  Fi  si) , War:n  Water  Spec:<s 
Tolerant  Fi s.i , Warn  Water  Si’ccies 
Anadronous  fish  species 


+ + T.’  ca ' -nt  Provided 


s i ca  1 


.tu!'-classi  f icat  ion  Wo.  1 

a.  Plain  aerat  ion. 

1).  Plain  clar  i t icat  icn . 

1)  Plain  sedimentation. 

2)  Skimiinq . 

3)  Ciavity  setaration. 

4)  Flotation. 

c.  Screening . 

d.  Im;'Oundme:.t-j  cyu dated  discharge. 

2.  Sulf-classif icatio.n  No.  2 

a.  Filtration. 

b.  Radioactivity  monitoring. 

c.  Air  flotation. 

d . Cas  s tri pv inu. 
c.  Certi ifuging . 


h.  Chf  mica ? . 

J.  Sub-classit ication  No.  1 

a.  Sludge  cund i t i on ing. 

b.  Neutral ization. 

c.  Fvaporati on  - condensation. 

d.  Adsorption . 
a.  Absorption. 


V-72 


2.  Sub-classification  No.  2. 

a.  Claiif ication. 

1)  Chemical  coagulation. 

2)  Precipitation . 

3)  Emulsion  breaking. 

b.  Ion  exchcuige. 

J.  Sub-classification  No.  3 

a.  Oxidation-reduction. 

(electro  plating  and  related  wastes) 

C.  Biological . 

1.  Sub-classif icataon  No.  1 

a.  Extended  aeration. 

b.  Aerated  lagoons. 

c.  Oxidation  ponds. 

2.  Sub-classification  No.  2. 

a.  Disinfection. 

b.  Trickling  filters. 

c.  Aerobic  and  anerobic  digestion . 

3.  Sub-classification  No.  3 
a.  Activated  sludge 


Year  of  grant  request  or  Federal  grant.  Communities  receiving  a grant  for  the 
gear  in  which  theg  applied  were  noted  with  an  asterisk.  If  a 1971  grant  follows 
a 1970  grant  with  an  asterisk  the  community  refiled  the  1971  grant  prior  to 
receiving  an  offer  for  the  1970  grant. 

Required  Treatment 

Treatment  necessary  to  meet  water  quality  standards  to  include  phosphorus  removal , 
will  be  required  of  all  municipal  treatment  phnts  no  later  th.in  i‘^72  in  the  Crjn.i 
Ri ver  Bas i n . 


V-7^ 


LOWER  GRAND  RIVER  BASIN 


TO  LAKE 


MICHIGAN 


MUNICIPALITIES  DISCHARGING  legend 

TO  SURFACE  WATERS  IN  Q 

THE  GRAND  RIVER  BASIN  TjT  proposed  discharges 


y.ip 

Nunbor 

1 


5 

6 

7 

8 
o 

10 

11 

12 

13 

14 

15 
lb 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 
27 


LEGEND  FOR  CURRENT  MUNICIPAL  WASTEWATER  DISCHARGES 


Loo a ti on 

Map 

Eumt>er 

Ixxation 

Gr.int  i'Newaggo 

County) 

28 

Wyoming 

Ovid 

29 

Grand  Rapids 

Rent  City 
S/jarta 

30 

Ottawa  County  (Grand  Valley 
State  College,  Allendale 
Township  & Georgetown  Township 

Potterville 

31 

Ada  Township  (Kent  County) 

Lake  Odessa 

32 

Lowel 1 

Huron  Township 

(Kent  County) 

33 

Saranac 

Hastings 

34 

Ionia 

Woodland 

35 

Portland 

Nashville 

36 

Grand  Ledge 

Belding 

37 

Lansing 

Greenville 

38 

Eaton  Rapids 

Sand  Lake  (Kent 

County) 

39 

Delta  Township  (Eaton  County) 

Edmore 

40 

Delhi  Township  (Ingham  County) 

Fowler 

41 

Leslie 

St.  Johns 

42 

Jackson 

Stanton 

43 

Dimondale  (Eaton  County) 

Ashley 

44 

Carson  City 

Dewi t t 

45 

Wright  Townshin  (Ottawa  Cqxlr^ty) 

East  Lansing 
Mason 

Williams  ton 
Faularville 
Wehbcrvi lie 

Grand  Haven  4 Spring  Lake 

Coopersville 

Grandville 


V-7f 


l.KGEND  I'OR  VROVOSED  yVNICIVAL  WASTE  TREAT.yEXT  EACILITIES  MAI 


Location 

Algoma  Twp.  (Kent  Co.) 

Casnovi a 
Claiksv: lie 

Sunfield  Township  (Eaton  Co.) 
Bcwne  Twp.  Imp.  Vist . It  t (Kent  Co.) 
McBri de 
Mu ii -Lyons 

Vermuntvi lie 

Crystal  Twp.  (Montcalm  Co.Disttll) 
Maple  Rapids 

Perrinton  Municipal  (Gratiot  Co.) 
Elsie  (Clinton  Co.) 

Westphalia 

Fulton  Twp.  (Gratiot  Co.) 

Dewitt  Township  (Clinton  Co.) 
Watertown  Twp.  (Clinton  Co.) 

Bath  Township  (Clinton  Co.) 

Laingsburg 

Perry 

Ken twood 

Gaines  Township, Dutton  (Kent  Co.) 
Cannon  Township  (Kent  Co.) 

Mull iken 

Grass  Lake  (Jackson  County) 
Jackson  Metropolitan 

Ca  h'llonia 


Status 

Lagoons  planned 

Lagoons  under  conscru  tion 

Lagoons  planned,  spra  i irrigation 

Lagoons  under  cons tru  't ion 

Lagoons  planned 

Lagoons  planned 

Lyons  is  constructing  an  interc'^ptor  to  Muir 
which  is  constructing  a lagoon  system  to 
serve  both  communities 

Lagoons  under  constru  ition , spray  irrigatioi'. 

Lagoons  planned 

Lagoons  planned 

Lagoons  planned 

Lagoon  planned 

Lagoons  pi  armed 

Lagoons  planned 

Activated  sludge  under  construction 
Interceptor  to  the  Dtwitt  S.T.P.  planned 
Lagoon  and  interceptor  planned 
Lagoon  system  under  construction 
Lagoon  under  construction 
Pinnebrook  interceptcr  to  Wyoming  G.T.P. 
Interceptor  to  Wyomirg  S.T.P. 

Interceptor  to  Grand  Rapids  S.T.P. 
l,agoon  under  construe  tion 
Lagoons  planned 

Black  \ .Summit  Twps.  plan  an  interceptor  to 
Jackson  S.T.P.  Sprint.  Arbor  \ l.eoni  Twps. 
plan  lagoon  a spray  irrigation  .systems 

Lagoons  planned , spr. ly  irrigation 


LOWER  GRAND  RIVER  BASIN 


MICHIGAN 


INDUSTRIES  DISCHARGING 
TO  SURFACE  WATERS  IN 
THE  GRAND  RIVER  BASIN 


LEGEND  FOR  INDUSTRIAL  WASTE  DISCHARGE  MAP 


Location 
Grand  Haven ; 

Allendale: 

Bailey: 

Walker : 

Grandville: 

Wyoming: 

Grand  Rapids: 


Source 

A.S.P.  and  Manufacturing  Company 
Challenge  Porcelait.  Company 
Eagle  Ottawa  Leather  Company 
Grand  Haven  Stampeej  Product  Company 
Municipal  Power  Con pany 
Grand  Haven  Brass  Company 

Allendale  Beef  Com; any 

Vintage  Foods  Incoi porated 

Bissell  Incorporated 

Bissell  Incorporate d-Ind ian  Mill  Creek 

Packaging  Corporation  of  America 
Jervis  Corporation 
Nelson  Metal  Products 

Chesapeakc-Ohio  RR  Yards 
GMC  Diesel  Equipment  Division 
Kelvinator  Incorporated 
Hoover  Ball  and  Bearing  Company 

Packaging  Corporation  of  America 
Jet  Electronics  and  Technology , Inc. 


Eastmanvi lie: 


Ottawa  County  Infirmary 


Paris  Township  (Kent  Co.):  Kroger  Company 

Cascade  Township  (Kent  Co.):  Stephenson  Lawyer,  Incorporateni 

Cascade  Data  Computer  Systems 


Ada:  Amway  Corporation 

Ada  Beef  Company 

Ashley:  Portec,  Inc. 

Saranac:  Saranac  Manufacturing  Company 

Universal  Metal  Proiucts 

Ionia:  Integral  Engineering  and  Manufacturing 

Corporation 

Portland:  T.R.W.  Incorporated 


k 


V-80 


Map 

Number  Location 

16  Sheridan: 

17  Lansi ng : 

18  Delta  Township  (baton  Co.): 

19  Jackson: 


20 

Barry  County 

21 

Kent  C i ty  : 

22 

Spart  a : 

23 

M iddlevi lie: 

24 

Hasti ngs : 

25 

Charlotte : 

26 

Beldi nq ; 

27 

Greenville: 

28 

Edmore: 

29 

Si  X Lakes 

JO 

Inwel  1 : 

Source 

Carnation  ‘'ilk  Comfking 

G.M.C.  01dynr}bile  Forge  Division 
G .M .C . 01 dsmob i I e D i v i s i on  ^ 1 
Board  of  Water  and  l.iaht 
Otto  E.  Eckert  lower  Statio;-. 

John  Bean  Cor por.it ion 

G. M.C.  Parts  Division 

Clark  Ecfuiprv'nt  Com;\inu 

Lap  ere  Fore)'-  .inti  M.ichine  Comnant/ 

Penn  Central  Railroad 
Goodue.ir  Tire  .ind  P.ubl^  r Com[>,jwi 
Pittsbr.rah  Forging  Companii 
Richar.ir.on  Asph.ilt  Comp.ini/ 

Duec.ist  Corpor.it  ion 

Barm  Count  Mcslical  Facilities 

Nation.il  Fruit  IJoducts  Comjiar.u , Tncorc<or.iti\l 

5;)ur t<i  Fouudri;  r','urn/ 

Bradford  White  Priiducts  Corpor.it  ion 

H. istin.rs  Aluaiir.uir  Products , Incorporate: 
Hastin-s  Manufacturing  Company  (2  outfalls) 

E.  W.  Bl  iss  i'ompanu 

Allen  Packing  Company 
ilwens- 111  inoi s Gl.iss  Company 

Extruded  Mnt.ils  Comf^iny 
Gibson  Products  Division,  White 
Consol  idat  c<i  iTKiastries 
Indian  Rummer  I n<?oi  porated 

Fede::'.  Mc>gul  Cotgxuation 
Gibson  Products  Pi  vision  whiti' 

Consol  :.l,ited  Industries 
Jre-Ui.i  F(xids , Incor;<orated 
Kanney  i Comp.iny 

Gret'uvi  1 le  Fetti'rs  Corporati ot' 

/luiif  J.ine' s Fixxls , Division  ot 
Bordi'ns  Computy 

Michia.in  i’onsol  id.iteii  Ga.s  Comfxiny 
Attwix'd  .'orp't  it  ion 


Number 

Locd  tiort 

Source 

n 

St.  Johns: 

Federal  Mogul  Corpe  ration 

J2 

Carson  City: 

Cryst.ll  Refinery  Cempany 
Vlasic  Foods  Tncorjoratixi 

Elsie  (Clinton  County) : 

Hancock  Industries , Incoi porated 

f‘i 

Ovid: 

Michigan  Milk  Pr,Hh.rers  Association 

?5 

1, lions : 

Chrysler  Corporatic  n Trims  Plant 

it, 

Foi,ilerv  ille : 

Hoover  Ball  and  Bearing  Company, 
Utilex  Division 

J7 

Kent  County: 

Kent  County  Airport 

W 

Byron  Center  (Kent  Co.): 

De  Bruun  Corr.piny 

19 

Wyom i ny 

Road  Equipment  Comfviny 

ure  V-4.  A photograph  of  the  sewage  treatment  facility  addition  under  construction  at  East 
Lansing.  The  East  Lansing  plant  is  one  of  several  in  the  basin  to  be  expanded  or 
modified  to  provide  Improved  treatment  processes. 


industrial  wastewater  control  status-1972 


COMPANY  NAME 


1970  1971  1972 


COMPANY  NAME 


1970  1971  1972 


A *;.P.  MANI  fA  Tl  RJNt.  Cn.  CRANl'  HAVtS 


Oii'YSl.r.K  lORHlKATlON  IY'’SS  TRIM  LYONS  'iK/XN!’ 
’•1ARK  KOrtRMKNT  I'OMl'.LS'Y  JXLXSON  AnOMOTIVF  ORANTi 


A.U*‘v  root  & r■Sl:tS^.^RINl..  IN(  . IjLSSI.Ni. 


A'HFSl  OFVT:  . t,  'HUMlt  AL  O). 
MrrHlCAN  FNTVli 


I .RRO.'Mr  .O  P KJALii  O Pl^VT 
a:«  RA’'T  IStON  .lAlKSON 


ALRKRT  SASn  & :RA’’E1..  tNC.  VOWl.ERVILIE 
AI  1 FNl'AU  PACKlSi.  (RYTANY  AI 1 TMVU.K 


A1  I.OYFD  .RAlBi'S  CASl  IS  .S  OORP.  RAVENNA 


ONSOl  HtATKI'  AU’MISI''!  lORP.  .JACKSON  CRANI' 

. ONSTRl'(TI0N  A<«;HFCATKS  fORP.  KERKYSBlfRC  CRANl' 


'ONSCMFHS  POUEH  COJHPANY  CRANI’  KAIMDS- 
-'FALTHY  STRKFT  J’l  AVT 


ORM-KOY  RCRHEK  ( OMPAW  CRAND  RAPIUS 


».  n..  CO.  CRASS  lake, 

. R.  EXCEl  CORE. 


CRYSlAI-  REFIMNl.  ClWASY  I'AKSON  i ITY 


A'ERT.Vi  VSniHO  .0HP.'RATti4;  IONIA 


I ATCO  RCR"*  k rRO;><  ITS 


I ATTVOor-  CORPOKATION  UHfEI.l. 

I J-*"  PUkllNC  WA^TF  TO  HAT  RIVER 


m.I  I'.AS  S.M  IS  k SI.RVI'  E 


m.l.luLN  SOFT  WATER  Pl.T-HAS  I INi.S 


aXl  I'-AN  WATER  ONIL 


rtniicAN  WATER  nwumoNiMi  uKwin 


Anv<Ri  ■ oRPiiKAriON  l.OWKLL 
I."  .001  t'JC  WATER  TO  FUT  RmiR 


a;v:  *anf  niv.  m-'Funi  inc. 

lELPlNi.  FRIMT  SrORACF  IN*'.  BELDIW. 


:>ASS  PROCESSINi.  PIANT  SIX  lAKES 

oart  containers  aiRp.  'clson 

DEhOER.  KARK  k SON 
ST . lOHNS 


At.M'IX  I'ORPCRAT'ON  . 


Rl  tSS,  I .W.  HASTISCS 


,i  KSON  ABRASIVES  OlV.  ' -.RANO 


nEBRlTN  PRODrCK  COMPANY  NE:AH  MYRON  CENTER  j CRAND 
DEXTER  I.UCK-I)IV.  Of  KYSOR  INU.  ..RAND  RAPII)}^  CRANl' 
DIIXAST  CORPORATION  JACKSON  1 CRANl’ 


BON..R-  -.1  AOOHTF'IHOCSE  MAU  FY 


HRAM'I.  M,  WHITE  <iiRP.  .■MfTE  PRODfCTS  DIV. 
Ml'HM  FVn  I E 


RRi’WN  ORF.  OF  liYIIA  IN<  , 


BVCCS  BRciTHERS  IfKTCERS 
ST.  tOHNS 


•>  A '.Al’NOP'MAT  I'.ANCR'  i 

S 


DIT  l.S  MIAT  I’R.H  HAVr 


IJki.I.E  t'TlAWA  I.IAIIIKR  .OMJ’ANY  <;RAN1i  HAVF.N 
EATON  SIAMVIN..  ■ ilMl'ANY  EAION  KAI'IDs 

FARM  MEAI  PAcklNC,  IN(  . UCkSON 

FEDDERS  lOKI'.  RANSIV  KtFRli..  tU\'Sl,»S 
CRH  SVl!  l.E 

FEDERAI.  MiM.CL  DIVISION  ..RIINNIIU 


AI.KIM'MA  PAlYIN*:  CO.  .AIEItONlA 


FENSKE,  HOWAk!'  - CRAND  RAPIDS  WASTE 
HAUUNC  DlSPOSAl  SITI 


AWNATION  *UIA  CiWANY  SHERIDAN 


CARSON  cin  hVKF.RS 


. HAU.KNilF  STAMPINt.  S PORCF.JAIN  CO. 
CRAND  HA'.TN 


MFRRY  HU  I OR<  HARDs 


I W riTY  SANITARY  SFWF'H  CONNECTION  CNDER  CONST. 

I 2/  Pt>NS  TO  CM.RADF  rKFATMENT  BFJNt.  PHFPARW. 

I 1/  Ai  riON  AWAiriW.  FIHALI7AT10N  OF  NPDES  PERMIT  rFFIlFN 

rfstrutd’N'^  a.nd  TiMrTAmF. 

' *•'  PIXNS  .NDFRWAY  TO  1 PtllUm  FACIIirV 

Ann<i4!  R>it  fn*.’  A • Cunfr.  l A.lr^.i4t^ 

B • 'ontr  «l  Frovl.l**.!  n.|t>qii4i  v 
“r"*  W4(<*t  I i RBl  I i.ll 

0 • '.•ntr.'l  Pr.ivl.triJ  imirllAb 

F • 1 'nfr.il  ln«.lrTiirtf «• 


FINK.  R.N.  MANDFACTlIRlNl.  < 
WII.UAMSTOS 


FVU.ER.  a>KENi:E  ADA  WASTE  KAI  t iN>. 
DISPOSAL  SITF 


i.ARDNF»  -DENVER  COMPANY 


t.EJIHEN.  A.  k SONS 


1/  PR.m-.RAM  REV1FWF;P  with  .OMMISSION  APRU  19M.  KFIR»RT  ON 
SPFCIFU'  Am.IN  PIAN  Wll.l  BE  s WUHED- 
.’/  Wn.I  CONNECT  TO  CITY  oF  HASTIER. S SANlTAHt  SFWER. 

V AiTION  AWAITINi.  FlNAll.-’AnoN  OF  NPl'Es  PERMIT  FFPimn 
Rl  STRli'l  loss  AND  TlMETABtF. 

i,/  lONNE.TlON  TO  (.RAND  HAVEN- SPH I N(.  1>KE  SYSTW  TO  BE  CiWPl.FTEU' 
BY  END  OF  l<>;  J, 

•'/  NFW  “RrAl-MTN"  FACn  TTTFS  RO-  . .iMnr^F. 

6'  EAi  II  ITY  COMIT.ETW’.  PERFORHANtE  BE  INC.  RIVII-WU' 


V 


w 


1 


Table  V-e  (Coot  nued)  INDUSTRIAL  W4STEWATER  CONTROL  STATUS-1972 


COMPANY  NAME 

MAJOR 

RIVER 

BASIN 

annual 

RATING 

1970 

1971 

1972 

. StRAI  I'ORP.  PART‘D  PIV.  -PFLTA 

OR-SNl' 

A 

A 

S'K’Xl  M.-'f'’ *5  'ovr. -CRA-VI'  H.VP1PS  PISHF" 

' ‘Y  ^'.K'rr  NO  / 

\NP 

S 

A 

URNERAl  M.)TURS  CORP. -IJVNS1S«;  OliJSHOBILE 
Pl_AST  »: 

.-RAJTP 

B 

A 

sRSAi  .j  i'Rs  .oRT.  ; rpsfc:  p^t.r?*'j-;NT  ci.. 
MIS,. 

•vA.v;j 

A 

A 

A 

/iNFR.Al  PROiRTTS  roRroRATION  .lA  RSON 

•‘KA-Sl’ 

• IPOl’NP 
WATER 

A 

sij^'niTP'''orsE  sa»'a.na*’ 

(IK  \:;t' 

a 

A 

' CfX'^ PS  MF  . . «rom.HVlLJE 

1 

.p\N  ' 
f.-  O'TIP 
-ATER 

E 

A 

1 i'  Y-.  T:  S ^ -/BAE'.  CO.  'A  KSOS 

ka;^ 

R 

a 

•;  f p:  ’••r'ptT'  r Obi  TS  /o. 

• N t'S 

A 

A 

A'J  SY  '.;Ksr''RN  •.  •tlliTT 

»•  • 1’.  . KAFOS 

can  ' 

iIR.' 

WAT'--'* 

A 

* 

1 

'•'AT'-'* 

1 

. •.•; . • ■:  \r  'M'-  5'.'Nni ; 

f 

.A-.P 

.iK-rsP 

•WAFF--: 

R 

A 

• !-  f • - 3A  . ‘lA.EN 

• ANI 

H 

•' 

FFK 

MP'T'P.''  'O'  ■ 'T  r*.  .»‘s'r.'N 

.■ 

P 

►".‘S  •*,  . -vs  • ,iA;'*  N'  S 

\ 

A 

\ 

1 »ni  I'T  v;  n,  f>w\NY  katon  mm/s 

PV  0 BAl.!.  «.  »I  AT  O.  T1!E>  -IV. 
V'  • t|v|i.r 

v;:* 

R 

B 

h-.n*;  • I'JMA 

B 

\ 

s-Ar- 

••  F vf  V.  r 0.  T\D  = . 

•»  I/IN  A W'ISE.  MKAfS  ‘'I?  'N 

k.a::' 

CRP''S"' 

T’.T  MV  ’(1  r»  • EXTRl’PFP  '’I  ' ' 

O’. ‘SI." 

R* 

T 

B 

•’IMF-  ’Si  - 1 H I tsi: 

f.PAs:- 

* 

k-  ' , si  ’'WM 

A*.' 

•;ai  »■ 

H 

• P”.  ,RANP  •Ai'ir.  A!"  eriMT  :pnr 

1 

cr/sr' 

»rp. 

•.*A 

» 

j ■ ..i  1 IS-  RI'.  ^ Ml.  . 11  P,  IONIA 

WATM 

B 

A 

• * . - vp*i  lA  KSrv 

i.-'AN.’ 

\ 

. 'F'.  iRANIi/IUf 

<«AM' 

A 

A 

' i. 

■ AM’ 

. ; S ‘ f » fJAJ  I/A.  H'N  01  KPI  F' 

rif  ST  *\r  j 


COMPANY  NAME 

major 

RIVER 

annual  ~| 
RATING  1 

,970 

1971 

1972 

UNiS  BFJAN  -ORPORATins  - I.ANSIS  MVISIOS 
f VNC  CORP. 

fi 

KKIVISATOK.  !W  . 

■ A 

KIBHY  rOBB  ‘'AK:  1A' fmos 

A*. 

Vl>'KHOf  ■•ASTEVTfcTS  - >KP.  .HA.V  'An.'- 

i 

i 

• NAI’F  IS'P' STRIPS  INC.  ••0(*KF*' ’D 

l S 

IJKBAPIF,  ‘•A-rllSV  SHOP  -A..-  AV  • 

‘A 

-A  t R 

lAKF  I'KSSA  ASNIV;  CO.  ' AK.‘  '’I'ES  A 

1 

IjCISISr.  BOARj'  op  WAMV  s CKS' . 
MVP’7  POWT*-  STaTJO.S 

lASSlS;,  HOARI’  OP  ATP.P  I I :HT  OTTAWA  ■ . 

STATION*  lANSlN. 

K./ 

ANStN.  AOA*’;'  or  .AfR  -V  “'.’•K'ON 

'TAri  '>*i  ;>p  r-N  r.T 

A* 

i.H‘*H  rop!’.*'-  1 . .>o!’FPr;viUF 

...  •" 

tr'lK*'AS  \ •.TTTII*-  '•’TA'  '.1.  i.  *. 

VA’  ' IS 

I INPEU  PROP  M’RCp  IA.SSINV 

‘ --AN 

' 

l.r  VA.N,  ISC.  RFI.PTNC 

' 

M-N’iBrRC*.  MF(..  CO..  INC.  UlYSON 

OMS- 

NAHOi'.ANY  EARNS.  INC..  WTU  I A-«':T<1N 
MEAT  PRiVTSSlST  A PACKAiIlNf 

RAN 

I S-'-N'- 

H 

MARI  *WAY  fARM-VA-SHVn.I.F 

-y  ‘.Ni’ 

NCIioNAIPS  PARK  VIPW  DAIRY  FRl  lTPORT 

'.KAV> 
cRiV  S;' 
WATI  R 

H 

MinnCAN  COSSOMI'ATFP  CAS  CO.  SU  lAKIS 

l KAN 

“inilCAN  NKA  PROD,  A.S.StK*. 

1 KAV' 
.-.KOI’V 

t 

NiniTi.AN  '‘Il.K  rROPiTER.S  DAIRY  1 OUTl.t 

1 IRAN'P 

UAl ' -i 

NU'H1..\N  PRC'!'  ilRINPINC  CO.  (*1ARRIAP' 

• RAND 

i;RrH'NP 

WA”'*R 

. 

MIPI-AND-RilS'*  .-ORp.  ORAN’PYIIM  NMsoV 

■<FTA1  TROT'.  PTV. 

iiRANP 

'*11IKR  DAIRY  FAR«*;.  I\t  . EATON  RAriDS 

• 3v.\\. 

MIU.lUAN  PKl'..  (•('.  PARMA 

> RAND 
,;ro?’np 

WATf-R 

“Ol'PRN  CiiNi-RITTI  rROIiPCTS  i llASO  K/\Ptl« 

CRAM' 

“I  SKPi.ON  ri.-T<'\  rim:  lA'.  SPARTA 

. R\M' 

“VAARPS  M>A'*s  HfDs.iNVlU.F 

RAW 

•.Ri.'-V- 

WAT«V 

, 

• Anii'PNT  1 N*:  'ON  «|.A’  ' A'O  '•‘IS 

T\iav 

. |'NST«I’  t'T'  A ■ *-*  . »*’ 

I. 

>y  HK<  KN  ' oBiir  t»  p 


V*|S 


T.»t>  f V-9 


COMMERCIAL  WASTEWATER  CONTROL  STATUS-  IS7? 


- 

1 

COMPANY  NAME 

MAJOR 

RIVER 

ANNUAL 

RATING 

1 1 

BA3IH 

19  70 

1971 

1972 

AJKfN.  V an:-  B-'^NS  C.  Atl’^MAn. 

WN:-vv  . *A>1ts<^ 

hATrx 

• 

ti 

A 

HA>m.  ftiWA.-*!*,  I'nlS  .)p  ' A'^Nt-BY  SKA.* 

•A  K .'IS 

• AS. 
■H-  ••-■S'- 

•>ATM> 

A 

:»A1K».  • rP-  X.  A'W-Hii-a:  • ASHKH.-iir'K 

1>KK 

..R.AS 
"V' 
-Ar»  H 

* 

A 

"^TTY.  x-A  ■ lA-Ks  S A"Ti>.  U NT  KY 

HAST' 

n: 

-Ares 

A 

A 

A 

AS’U'^MM,  IS.  Horr  •.BfST.S’MR 

Bin  IM 

..AAS!' 

i.Kii"S" 

'.xn'B 

A 

X ' I !)A'.\  1 x«pi-rji  SYSTK^S  BASi-  RAri:- 

'.VASl) 

A 

x-.‘r  I’-.t  • r>  A' “VST  t A ••■‘r  •;.. 

’ hr  rwp 

' RA.i- 
-ATI'V 

1 > 

.»  ^ .fRVti.-'  I'LSII 

•BAS 

A 

.)K;  ms 

i:vA.S' 

X 

A 

•v,.v:i:.  > ‘ . A“  «'AMl  P 

;ka.s  ' 

' 

•AS'  - » .'S'.  1 . ’vA--’  :JXK' 

s. 

.a: 

X 

' \B  ■ risn 

K IM 

■ ••.  ' -»s.  r s nf.  A A ."  :jx'‘s”>«v 

v-AV:- 

Hi’fN' 

.AT'-V 

A 

A 

' 

1 • :•■>..  • \'0\  VVPl.-!' 

. has; 

i.R.'  'N'l 
»ATVA 

H 

A 

'•A..  . x-ro.  tjx  snKv  kavkxna 

..HAS!' 

ilRiXT'Mi 

WATKf' 

X 

A 

I • 

'V.-'  '-fi  - AS  *rA' S.X.ST  r-'SM 

R\ST' 
i.RO'  *;•' 
WAf"? 

X 

X 

V 1 

.\,v,  . SAl  t’  . "I-  mi-A.S 

liASI’ 
:u,)r  S- 

•».X  • X K 

A 

A 

1 • \ S' rv  .11  ■ !,:• 

. . 'X.  X . 'S 

i.  . . • . 1 R.v  :i  . ’r  .Tsn.  .hry  -s 

•s  ■ va!m;-- 

HAS 

iRni'N- 

*ArK« 

,.\AM 

A 

H 

X 

A 

A 

• »)<r,x  -M! ; r -.i  : 
••  S-.'K  HI..-I 

-■  AS’ 

h • ■ • 

R 

1 

»»S.v.A  H!  ’ i-  «•  ll  ..UtY'l  . • '"IPAr; 

- • . . xr.i‘'S»^ 

• HAS 
.R.'I  S". 

K 

* i 

. . ' 'i|>  '•  MB'S'  .•  A<-  X ■■.■Y. 

'■  \X 

* 

A ' 

I 

k _ iS»  . mil  «ls.  I'."!! 

A x*'AS  "«»•.  , M kSmS  . 

• a:i  '• 

■ 

A 

A 1 

1 

•«  >•  i-s  N‘x.  .xBf  -irssA 

■■AN!- 

k-X’IH 

A 

. 

As-.  1 -■  V ■••A  r.  -AV.TAl 

-•\N 

B 

B ' 

•'ts-^t‘*s  . '■YTV  V»1.A  ‘•Al’ '.iMr  i ► 

1 AN 

. ! 

COMPANY  NAME 


.,AV.  w . ■ 4> 


■ V j.};;  ; H>‘  . • ‘ :i 

A!  • 

'*Mii  V* 


• T"AWA  I ••  r*  hVf.i'I  . 

IS-  TV^AI-'  \ ••  •VAS’'  :i 


■’■r  \«A 


■VN  • X.  ■-? 


(TrrAi.A  11-  s-’-.  • ' S'!  ■ •( 

sOi-'V"  . N'AX  .'S':  IN 


I-A-V.  • t '.V\'  • 

ri  v;  • 


*»l  I A \V  ; ‘ m •'  I ' V ! A 


*■  VAS  ’••I'S,  A 


SEWAGE  DISPOSAL  PRACTICES  FOR  HOMES  IH 
PLACES  OF  LESS  THAN  50,000  POPULATION* , I960 


Dredging  and  Spoil  Disposal 


Navigation  is  an  important  part  of  the  economy  of  the  Grand  Haven 
area.  Seventeen  miles  of  channel  are  maintained  for  commercial  navi- 
gation in  the  Grand  River  from  Grand  Haven  upstream  which  requires 
annual  dredging  by  the  U.  S.  Corps  of  Engineers.  Act  291,  P.A.  of  1965, 
regulates  the  placing  of  dredging  spoil  on  bottomlands  of  the  State. 

Also,  the  Water  Resources  Commission  has  rules  that  although  water 
quality  standards  shall  not  apply  during  periods  of  authorized  dredging 
for  navigational  purposes,  the  standards  do  apply  in  areas  utilized  for 
the  disposal  of  spoil. 

Two  disposal  sites  are  tentatively  available  for  dredge  spoil. 

One  of  the  sites  is  on  the  north  bank  of  the  river  and  Is  jirivate  property. 
This  site  has  been  offered  for  disposal  purposes  free  of  charge  to  the 
Corps  of  Engineers.  The  site  would  handle  spoil  for  a per'od  of  three 
to  four  years.  The  second  proposed  site  is  Harbor  Island  which  lies 
between  the  south  and  main  branches  of  the  Grand  River,  do\/nstream 
from  the  Cheasapeake  and  Ohio  Railroad  bridge.  This  site  will  provide 
sufficient  disposal  area  for  12  to  15  years  of  dredging.  A further 
advantage  to  using  this  site  is  the  recreational  value  which  would  be 
created  by  filling  In  the  low  lying  island.  The  Island  site  would  be 
provided  at  no  cost  by  the  City. 

The  island  site  has  been  chosen  by  the  City  of  Grand  Haven  as  the 
disposal  site  and  the  site  has  been  approved  by  the  Water  Resources 
Commission  contingent  upon  the  use  of  the  site  for  recreational  purposes. 

Use  of  the  site  is  contingent  on  strict  adherence  to  certain 
operational  techniques  and  maintenance.  The  planned  program  is 
sufficient  to  maintain  water  quality  standards  in  the  Grand  River. 

Corps  of  Engineers  acceptance  of  this  site  and  Environmental 
Protection  Agency  approval  of  the  plan  will  me;m  that  no  costs  will 
occur  to  the  City  of  Grand  Haven  for  dredge  disposal . Cost  to  the 
City  would  be  25  percent  of  alternative  site  cost  if  the  selected  area 
is  not  approved. 
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1.  Act  3,  Public  Acts  of  1895  - A:,  act  to  provide  for  the  incorporation 

of  villages  and  to  define  their  powers  and  duties. 

2.  Act  215,  Public  Acts  of  1895  - An  act  to  provide  for  the  incorporation 

of  cities  of  the  fourth  class  and  to  define  the  powers  and  duties 
of  such  cities. 

3.  Act  278,  Public  Acts  of  1909  - Ain  act  to  provide  for  the  incorporation 

of  villages  and  for  changing  their  boundaries ; to  provide  for 
acquiring  by  purchase,  land  wi thout  its  corporate  limits  necessary 
for  the  disposal  of  sewage  and  garbage.  . . 

4.  Act  279,  Public  Acts  of  1909  - An  act  to  provide  for  the  incorporati on 

of  cities  and  for  revising  and  amending  their  charters. 

5.  Act  116.  Public  Acts  of  1921  - An  act  to  authorize  townships  to 

establish  and  maintain  garbage  systems  or  plants  for  the  collection 
and  disposal  of  garbage  or  contracting  therefore , constructing 
or  acquiring  and  maintaining  sanitary  sewers  and  sewage  disposal 
plants;  to  provide  for  making,  levying  and  collecting  of  special 
a ssessmen t bonds . 

6.  Act  373,  Public  Acts' of  1925  - act  to  authorize  legislative 

bodies  of  municipalities  to  issue  and  sell  bonds  necessary  for 
the  construction  of  storm  and  sanitary  sewers  whenever  a court 
of  competent  jurisdiction  shall  have  ordered  same. 

7 . Act  320,  Public  Acts  of  1927  - An  act  to  authorize  legislative 

bodies  of  municipalities  to  issue  and  sell  bonds  necessary  for 
the  construction  of  sewage  disposal  plants  whenever  a court  of 
competent  jurisdiction  shall  have  ordered  same. 

8.  Act  312,  Public  Acts  of  1929  - An  act  to  provide  for  the  incorporation 

by  any  two  or  more  cities,  villages  or  townships , or  any  combina- 
tion or  parts  of  same!  for  supplying  sewage  disposal . 

9.  Act  94,  Public  Acts  of  1933  - An  act  to  aut/orize  public  corporations 

to  purchase,  acquire,  construetT  improve,  enlarge,  extend  or 
repair  public  improvements  within  or  without  their  corporate 
limits,  ani  to  own,  operate  and  rruiintain  the  same;  to  provide 
for  the  issuance  of  bonds  and  rcTunding  bonds  payable  solely 
from  the  revenues  of  public  improvements;  to  provide  for  the 
imposit  ion  of  special  assessments  against  properties  bc'nefited 
by  such  public  improvements,  and  for  the  issuing  of  special 
assessment  bonds  for  the  purpc,se  of  refunding  outstanding  tevt'nue 
bonds . 
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10.  Act  342,  Public  Acts  ot~  1939  - An  act  to  authorize  counties  to  <st,i:  i.sr. 

and  provide  connecting  water,  sewer  and/or  sewage  dispcs.il  ir.;,:  ■.ir.i-r'  ■ 
and  services  within  or  between  cities,  villages,  townships  and  town-'..;, 
improvement  districts  including  disposal  facilities  and  services  and 
to  provide  methods  for  obtaining  money  for  the  aforesaid  purposes. 

11.  Act  107,  Public  Acts  of  1941  - An  act  to  authorize  township  water  supply 

and  sewage  disposal  systems,  and  the  issuance  of  revenue  bonds  or 
notes  therefor. 

12.  Act  202,  Public  Acts  of  1943  - An  act  relative  to  the  borrowing  oi  mor.ev 

by  municipalities,  and  the  issuance  of  bonds,  notes  and  cert i f ic.u  i-s 
of  indebtedness;  to  provide  for  tax  levies  and  sinking  tunds; 
create  the  municipal  finance  commission;  and  to  prescribe  its  pcwer-- 
and  duties. 

13.  Act  245,  Public  Acts  of  1947  - An  act  to  regul.ate  the  ownership, 

extension,  improvement  and  operation  of  public  water  and  sewage 
disposal  systems  lying  within  two  or  more  public  corporations;  and 
to  provide  for  the  payment  and  security  of  revenue  bonds  issued  fiu 
the  construction,  acquisition,  extension  and  improvement  of  such 
systems . 

U.  Act  359,  Public  Acts  of  1947  - An  act  to  authorize  the  incorporation  .'t 
charter  townships;  to  provide  a municipal  charter  therefor;  and  t 
prescribe  the  powers  and  functions  thereof  including  the  installatl.n 
of  garbage  disposal  systems,  the  laying  of  storm  and  sanitary  sewers 
and  the  installation  of  water  systems. 

15.  Act  188,  Public  Acts  of  195A  - An  act  to  provide  for  the  making  ot  cei t.ain 
public  improvements  by  townships;  to  provide  for  assessing  the  wh  le 
or  a part  of  the  cost  thereof  against  property  benefited;  and  to  pr.vide 
for  the  issuance  of  bonds  in  anticipation  of  the  collection  of  such 
special  assessments,  and  for  the  obligation  of  the  township  thereon. 

Improvements  which  can  be  made  under  this  act  include  construction 
and  malntainance  of  sewers. 


16.  Act  82,  Public  Acts  of  1955  - An  act  to  provide  for  the  acquirement  bv  a 

city  of  the  water  supply  system  and/or  sewage  disposal  system  ot  .i 
metropolitan  district  and  to  permit  such  a city  to  own,  imilntain, 
operate,  improve,  enlarge  and  extend  such  systems  either  within  . i 
without  its  limits. 

17.  Act  233,  Public  .Acts  of  1955  - An  act  to  provide  for  the  incorporat  ion  ol 

certain  municipal  authorities  to  acquire,  own,  extend,  improve  and 
operate  sewage  disposal  systems  and  to  provide  for  the  issuance  .>! 
bonds  to  acquire,  construct,  extend  or  improve  sewage  disposal  svstems. 
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m.  Act  IS’’,  h'liblic  Acts  uf  1957  - An  net  to  author  j zu  tho  oatablishment 
of  a dcpartiTK'nt  anc!  board  of  [Hiblic  works  in  counties;  to 
author i ze  tbo  issuance  and  paumont  of  bonds;  and  to  prescribe 
a prcxr<rdure  for  special  assessnHants  and  coiKiemnat  ion. 

i >.  Act  7b,  Public  Acts  of  1965  - Ar.  act  to  authorize  counties , townships , 
villa<yes,  cities  arid  anw  ot/:c-'  covernr'e-nta  i unit  to  construct 
waste  disposal  systems  by  ayroerents  o:  contracts  with  yrivern- 
rntsita!  units  or  ayenc ies  of  a. .other  state. 

20.  Act  111,  Public  Acts  of  1970  - Amends  Act  15,  I'. A.  ot  19ol  by  elimi- 
nating ponalat ion  1 imi tat  ion  of  75,000  on  counties . Permits 
local  yovernrient  s to  require  faster  sewer  connt<-t.  ions  for  reasons 
a!  publi.'  he.il  th 

■'.t-  rl  :y  for  t''o  tr  I of  ..  it-  r 1 1 ^rion: 

'■  Act  )50,  Public  Acts  of  1865  - An  act  to  protect  t ish  and  to  preserve 
the  fisheries  by  prevent iny  the  unlawful  dumpiny  into  the  waters 
of  certain  ru  tez i als . 

2,  Act  Pi.ll  ic  Acts  o:  1‘Jl.l  - An  act  providing  tor  the  sufiervision 

a.nd  control  by  the  director  of  the  .deyKirtrr,ent  of  public  health 
over  sew^'i'a  ;e  systems,  and  providing  pi:yialt  ies  tor  violations. 

Act  1 , Public  Acts  Of  1921  - An  act  to  proviiie  for  tfie  protection 
and  conser.  .it  ion  of  the  tuttural  resources  ot  the  state  and  to 
i Tf\ite  .1  dipartiK'nt  ot  conservation. 

■t.  Act  iOe , tiihl  fj  Acts  cl  1927  - An  act  to  provide  foi  i.-aunty  and 
district  health  defartments;  to  prescribe  their  fiowers  and 
duties;  to  provi.ie  toi  the  apportionin;  of  funds  appropriated 
by  the  stat’  , tor  aid  to  city,  county  and  district  health  depart- 
ments . 

'.  Act  245,  Public  Ac's  of  1929  - .An  act  to  create  a water  resources 
t’ornmission  to  protect  and  conserve  the  water  resources  of  th>- 
staVi  , to  h.ive  control  ovi‘r  the  pollution  ot  any  waters  of  the 
state  and  the  great  laKes,  with  power  to  make  rules  and  regulations 
governing  th<  same  and  to  provide  penalties  for  the  violation 
ot  the  act. 

t> . Act  Pi,  Public  Acts  of  1919  - An  act  to  provide  for  a supervisor 
ot  wells;  to  provide’  for  the  prevention  of  waste  and  for  the 
control  over  certain  matters,  /lersons  and  things  relating  to  the 
con.servat  ton  ot  oil  and  gas  and  for  the  tkikiny  ami  promulgation 
ot  rules,  : egalations , and  orders  relative  therefor ; to  provide 
for  the  plugging  of  wells  and  for  the  entry  on  private  propeity 
ter  that  purpose;  to  provide  for  tfx'  enforcement  of  such  rules, 
le/ulations  anti  orders  and  of  thi.'  provisions  of  this  act  and  to 
provide  p<;i,iltios  for  the  violations  thereof;  to  prevent  damage 
to  or  destruction  of  fresh  waiter  supplies  and  valuable  brines 
■ , oil,  gas , ct  othei  waster;  to  require  the  disposal  of  salt 
water  and  brines  and  oily  waste.s  produced  incidental  to  oil  and 
iinti  /as  opt'T.it  io;is , in  such  a maraier  and  by  such  methods  and 
m--ans  that  tie  untit'ce.rsary  darn  ;e  or  danit'r  to  or  destruction  of 
sa  t to-  c;  ijixif  r // oiH.'i  res<  >i;/ sh.il'  ; e u l ( , 
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7.  Act  222,  Public  Acts  of  1949  - An  act  to  authorize  public  corporations 
to  accept  grants  and  other  aid  from  the  V.  S.  Govermnent  and 
from  industries  for  the  construction  of  pollution  abatement 
facilities;  and  to  authorize  public  corporations  to  enter  into 
contracts  with  industries  for  the  use  of  disposal  facilities . 

8.  Act  28,  Public  Acts  of  1955  - Great  Lakes  Basin  Compact.  An  act 
providing  for  cooperation  of  agencies  of  the  state  with  the  great 
lakes  commission. 

9.  Act  247,  Public  Acts  of  1955  - An  act  to  authorize  the  department 
of  conservation  to  regulate  the  filling  in  of  submerged  patented 
lands . 

10,  Act  40,  Public  Acts  of  1956  - An  act  to  codify  the  laws  relating 
to  drains,  and  such  structures  and  mechanical  devices  as  will 
properly  purify  tht  flow  of  such  drains;  and  to  provide  for  the 
assessment  and  collection  of  taxes. 

11-  Act  211,  Public  Acts  of  1956  - An  act  to  prescribe  certain  powers 
and  duties  of  the  water  resources  commission  in  making  studies 
and  investigations  in  the  establishment  of  sewage  disposal 
districts. 

12.  Act  243,  Public  Acts  of  1959  - An  act  to  regulate  trailer  coach 
parks;  to  prescribe  the  powers  and  duties  oi  the  director  of 
t/ie  department  of  public  health;  and  to  provide  remedies  arid 
penalties  for  violations . 

13.  Act  196,  Public  Acts  of  1963  - An  act  to  control  and  prohibit  the 
littering  of  public  and  private  property  and  waters. 

14.  Act  20,  Public  Acts  of  1964  - An  act  to  regulate  the  impoundment 
and  utilization  of  surplus  water  and  to  prescribe  certain  gowers 
and  duties  of  the  water  resources  commission. 

15.  Act  253,  Public  Acts  of  1964  - An  act  to  enable  local  units  of 
government  to  cooperate  in  planning  and  carrying  out  a coordinated 
water  management  program  in  a watershed , and  to  prescribe  certain 
powers  and  duties  of  the  water  resources  commission. 

\ 

I 16.  Act  87,  Public  Acts  of  1965  - an  act  to  license  arxd  regulate  garbage 

: and  refuse  disposal  and  to  provide  penalties  for  violation. 

17.  Act  291,  Public  Acts  of  1965  - An  act  to  protect  riiiarian  rights 
' and  of  the  public  trust  in  navigable  inland  lakes  and  streams; 

to  regulate  the  uses  thereof  including  dredging  and  placing  spoil 
on  bottom  lands;  and  to  prescribe  the  duties  and  powers  oi  the 
department  of  conservation. 

19.  Act  222,  Public  Acts  of  1966  - An  act  to  provide  for  the  exemption 

of  industrial  water  pollution  control  t.acil  i t ies  from  certain  taxes. 

19,  Act  329,  Public  Acts  of  1966  - ’n  act  to  provide  state  grants  for 
sewage  treatment  facilities  and  to  provide  for  administration 
of  the  grants  by  the  water  resources  commission. 


20.  Act  218,  h^blic  Acts  of  1967  - An  act  to  protect  th<‘  public  health 

by  providing  for  the  aupervi sion  and  control  of  bathing  beaches 
open  to  the  public;  ana  to  prescribe  the  functions  ot  health 
agencies . 

21.  Act  288,  Public  Acts  of  1967  - An  act  to  regualte  the  suixiivision 

of  land;  and  to  promote  the  public  health  by  providina  authority 
to  the  department  of  public  health  to  appiuve  suhdivisons  not 
served  by  public  sewers  on  basis  of  suitability  of  soils. 

22.  Act  75,  Public  Acts  of  1968  - An  act  to  allow  state  grants  for 

municipal  sewage  treatment  works  on  a matching  l>asis  with  the' 
federal  grant  and  to  require  that  local  agencies  shall  not 
receive  a state  grant  until  a comprehensive  pol lution  control 
plan  is  appioved  by  the  water  resources  commission. 

23.  Act  70,  Public  Acts  of  1968  - An  act  to  authorize  the  issuance  of 

general  oblication  bonds  of  the  state  of  Michigan  for  the  making 
of  grants  to  municipalities  of  the  state  to  be  used  in  the 
construction  and  reconstruction  of  sewage  treatment  facilities; 
and  to  provide  for  the  submissii'n  of  the  question  of  the  issuance 
of  said  bonds  to  the  electors  of  Michigan- 

24.  Act:  167,  Public  Acts  of  1968  - An  act  to  regulate  and  control  the- 

obstruction  of  the  stream  beds  and  channels , and  f I oodpla ins  of 
the  waters  of  the  state. 

25.  Act  209,  Public  Acts  of  1968  - An  act  requiring  certification  of 

fbe  supervisors  of  industrial  and  commercial  waste  treatment 
facilities  and  providing  for  a measure  of  control  of  operation 
of  these  facilities  by  the  water  resources  commissi  on . 

26.  Act  21,  Public  Acts  of  1969  - Amends  Act  329,  P.A.  of  1966  to 

provide  state  assistance  in  the  amount  of  55  percent  for  con- 
struction of  treatment  works  eligible  for  Federal  joartici  pat  ion 
under  P.L.  84-660.  Establishes  State  Water  Pollution  Fund  of 
$285  million  for  this  purpose. 

27 . Act  247 , Public  Acts  of  1968  - To  assist  and  encourage  the  acquisition 

of  surface  land  areas  and  rights  required  for  water  quality 
control  and  other  purpioses  in  connection  with  mining  and  bene- 
ficiating  low  grade  iron  ore. 

28.  Act  58,  Public  Acts  of  1969  - Eliminates  restrictions  on  bot  rowing 

for  sewers  by  villages . Extends  repayment  of  special  assess- 
ments over  twenty  installments  and  removes  1 imitation  of  25 
percent  of  property  value. 

29.  Act  89,  Public  Acts  of  1969  - El iminatec  restrictions  on  Ixirrowing 

for  sewers  by  4th  class  cities.  Extends  rerxiyment  of  sjx'cial 
assessments  over  twenty  installments  and  removes  limitation  of 
25  percent  of  propezty  value. 

30.  Act  136,  Public  Acts  of  1969  - Rioquires  licensf-  and  Ixind  for  ftersons 

removing  liquid  industrial  wastes  from  premises  of  anothr" 
under  Water  Resources  Commission;  fee  $100.00;  vt'hicle  must  be 
inspt'cted  before  it  is  licenses  (fee  $10.00);  mii ked , violation 
punishable  by  tine  and  -jail,  etc. 
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31. 


Act  Public  Acts  of  1969  - Establ  i sht's  $S0  millicn  state  sewer 

corr tract  Ion  fund  to  provide  state'  urants  to  assist  local  agencies 
in  the  construction  of  collecting  sewers.  Grant  uould  lx;  for 
50  pcrcet'.t  of  the  cost  of  construction  of  collect;  on  sewers  in 
excess  of  10  percent  of  the  state  egualized  value  of  all  taxable 
propertg  within  the  political  boundaries  of  the  unit  served. 

32.  Act  167,  Public  Acts  of  1970  - Prescribes  use  of  nonpollutional 

holding  tanks  or  incinerators  on  watercraft  equipped  with  marine; 
toile'ts;  requires  all  marinas  operating  under  px'rrit  from  Depart- 
ment of  Natural  Rese;urces  and  all  marinas  owned  ai;d/or  opc-rated 
or  leased  bg  the;  Michigan  Waterways  Coimd ssi on  to  install  pumpr- 
out  facilities;  regulates  :oreign  and  cornme'rcial  '-esseJs, 
regulates  oil  losses  or  discharges . 

33.  Act  127,  Public  Acts  of  1970  - Natural  Resource  Conse'rvat  ion  and 

Rnvi ronme'ntal  Protection  Act  of  1969  provides  a mechanism  and 
procedures  through  declaratory  judgment,  etc.,  for  equitable 
relief  to  protect  air,  water  and  othe'r  natural  resources  of  the' 
state  tfom  pollution. 

35.  Act  200,  Public  Acts  of  1970  - Ameixls  Act  245  of  1929  to  remove  a 

provision  pertaining  to  Ixand  sales  th<it  belongs  and  is  now 
contai nead  in  Act  .320  (Court  Order  Bond  Act);  to  ma)ee  voluntaru 
agreements  for  pollution  control  enforceable  the  same  as  a 
Comm.iss ion  Order;  to  require  registration  of  all  manufactured 
products,  prcxiuction  materials  and  waste  products  whe;re  certain 
wastes  are  discharged ; to  provide  for  surveillance  fees  upon 
discharges  to  the  waters  of  the  state  in  order  to  provide  for 
investigation,  monitor i ng  and  surveillance  necessary  to  prevent 
and  abate  water  pollution. 

36.  Act  214,  Public  Acts  of  1970  - Amends  Act  !29,  P.A.  of  1966  to 
define  "construction"  to  include  cost  ot  land  where  land  is  to 
substitute  for  chemical  or  mechanical  facilities  nj  both  and 
if  eligible  for  Federal  funds  under  P.I..  94-660,  but  shall  not 
include  requisition  of  r igf ts-of-way . 

Act  234,  Public  Acts  of  1970  - Adds  "lake  improvement"  projects 
to  those  now  nermitted  bu  County  Public  Works  Dep  irtments . 


37. 


iti  of  ‘-'ichi  ;.ifi  K Nation  t.)optn:)l  Fronr.iPi 

Administration  of  water  pollution  control  functions  in  Michigan 
necessarily  follows  the  division  of  statutory  responsibility  set  forth 
in  the  previously  cited  statutes  subject  to  correlation , whenever 
possible,  of  member  department  interests  and  objectives  with  those  of 
the  Water  Resources  Commission.  The  Water  Resources  Commission  and 
the  Department  of  Public  Health  and  their  respective  staffs  carry  the 
principal  burden  of  water  pollution  control  in  Michigan  at  the  state 
level . 


.1.  .'.  i^r  ;>oi;rC'  ■'  i - I >0  Pollutlo'~i  antrol  f rO':r jr- 

Goal 


The  objective  of  the  Michigan  Water  Resources  Commission  is  to 
bring  all  existing  unlawful  pollution  under  continuing  effective  control 
and  prevent  the  development  of  unlawful  pollution  from  new  sources, 
population  growths,  or  increased  industrial  expansion  and,  where  such 
i ncidents  occur,  limit  their  duration  and  intensity  to  the  fullest 
extent  consistent  with  requirements  of  the  Water  Resources  Commission 
statute.  Under  the  Michigan  statute  (Appendix  AJ , it  is  unlawful  for 
any  person  directly  or  indirectly  to  discharge  into  the  waters  of  the 
state  any  substance  which  is  or  may  become  injurious  to  the  public 
health,  safety  or  welfare;  or  which  is  or  may  become  injurious  to 
domestic,  commercial,  industrial,  agricultural , recreational  or  other 
uses  which  are  being  or  may  be  made  of  such  waters,  or  which  is  or 
may  become  injurious  to  the  value  or  utility  of  riparian  lands;  of  which 
is  or  may  become  injurious  to  livestock , wild  animals,  birds,  fish, 
aquatic  life  or  plants,  or  the  growth  or  propagation  therof  be  prevented 
or  injuriously  affecte;  or  whereby  the  value  of  fish  and  game  is  or 
■nay  be  destroyed  or  impii red . The  discharge  of  any  raw  sewage  of  human 
origin,  directly  or  ind irectly  into  any  waters  of  th<'  state  is  prima 
facie  evideitce  of  a violation  of  the  statute  unless  such  discharge  is 
(K'rmitted  by  an  Order,  rule  or  regulation  of  the  Water  Resources 
Contnission. 

Action  Regard ing  inadequacies 

Where  inademiacies  in  control  of  waste  discharges  are  determined 
to  f‘x:st,  an  opportunity  is  provided  for  establishement  of  voluntary 
corrective  action.  When  it  appe'ars  to  the  Michigan  Water  Resources 
Commission  rfjat  a voluntary  program  will  not  b-'  successful  or  may  not 
be  accomplished  within  a rthisonablc  time  period,  statutory  procedures 
are  initiated . Orders  adopted  contain  specific  effluent  restrictions 
and  sptK'ific  dates  for  approval  of  construction  plans  and  specifications. 


V 


aufdrdin^  of  com:  true  t ion  contracts  am!  comncncfini ‘.nt  of  construction, 
and  the  coripletion  of  construction  and  attaimmuit  of  f>ol  lution  abate- 
ment as  recuired  l-u  the  Order. 

Where  noncompliance  with  tht‘  standards  is  determined  to  exist  as 
the  result  of  a discharge  from  an  existing  industrial  or  municipal 
wastewater  treatment  plant,  treatment  facilitit's  adequate  for  meeting 
established  water  qualitu  standards  must  be  nrovid(‘d . Secondarg  treat- 
ment is  required  as  a minimum  f ^r  municipal  nscharges  into  interstate 
waters  unless  it  can  be  demonst’uited  that  a lesst-r  dt'gree  ot  treatment 
or  control  will  provide  for  water  qualitu  eni'ancement  co.imensurare  with 
present  and  future  water  uses.  Exception  to  tht'  re(ju  i re.  it‘nt  for  at  U'ast 
secondary  treatment  must  bt'  justij'iml  to  the  satisfaction  of  the  Michigan 
Water  Resourci's  Commission  and  *-he  I’niteti  .States  Env  i ran.  lental  Protection 
Agency.  Eresentiy  ident  i t i ed  ex : i ting  Jisv'h.  r at  r.ii*'  sewaac  ot  huirun 
origin  to  public  waters  must  be  cc'~r''x:ted . V<  .ir- round  di.  infection  of 
all  final  efflumits  from  munic: jai  sewaue  treatment  plants  is  required. 
Industrial  waste  di scharqes  must  meet  the  same  treatment  requirements 
as  municij.ta]  waste  et  fluents  an<i  iudustiial  waste  problems  ident  itied 
must  provide  .ide/iuate  treatment  or  control  facilities. 

Inspection  and  Eacilitu  Approval 

The  Water  Resources  Commission  .staff  itistiecta  each  incipient 
pollution  probler  regular ' u . All  criers  now  adopted  by  the  Commission 
to  both  industries  and  municipalities,  reijuir"  routine  ai.alysis  .md 
reporting  of  the  quality  of  wastes  dischar-ied  t i ;>ublic  waters.  In 
addition,  surtace  water  qualitu  i.nd  waste  effluents  are  nonitored  so  as 
to  identifu  the  need  for  .-orrective  action  to  abate  existing  problems 
and  whenever  {xissihle  so  as  to  detect  and  identifu  the  afproach  ot 
pollutional  conditions  in  tim.e  to  'nitiate  appropriate  cc  rrective  action 
prior  to  the  development  of  a statutoru  injure.  Tlu'  Wat<  r Resources 
Cotwiission  staff  ri'views  and  approve.!  or  rejects  plans  rc  r industrial 
waste  treatment  nr  control  facilitie.-  and  counsels  with  n maaement  on 
industrial  wasti'  treatment  or  disposal  jirobler.s . Tt  devt  lojts  appropriate 
restrictions  and  time  schedules  foi  Commission  .qq'roval  to  correct  or 
prevent  pollution  prohlims  and  par  i i ci  pit  e.s  in  enforcement  proi'edures 
initiated  bu  the  Commission  through  .statutoru  hearings  .ittd  enforcement 
of  Commission  Orders  in  court  when  voiuntaru  compi i ance  is  not  torth- 
com i ng . 

Mandatory  Certification  of  Tndustr : ai  Treatment  Elant  'px  rators 

Act  20^,  Eublie  /lets  of  19bF , requires  tt  it  all  industrial  or 
commercial  er.tabl  i shments  discharging  liquid  w.i.stes  into  the  waters  of 
the  State  shall  have  waste  treatmer.*'  facilities  unriet  the  specific 
supervision  of  [lersons  who  have  beer:  certified  bu  the  Water  Resources 
Commission  as  propr'rlg  qualitiferl  t.  operate  the  f sij  j ;ti-’s . It  further 
rei]uires  th.it  monthJu  operating  refiorts  shall  be  filed  with  the  Commission 
showing  the  ef  f ecti  vene.ss  ef  thi'  tre.itmcnt  facili'u  operation  and  the 
quantitu  of  the  wer-tes  discharged . JmpJ  ement.i ion  ot  this  program  is 
now  under  opi'r.it  inn  hg  the  'enmiss'cti  with  as.sistirice  bu  an  indu.stri.il 
m.inagemerit  ar'visorg  commit'ee. 


Data  Processing 


The  yichigan  Water  Resources  Coinmission  is  now  developing  data 
storage  and  retrieval  sgstems.  Full  consideration  is  being  given  to 
the  systems  now  employed  by  the  Ontario  Water  Resources  Commission  and 
the  United  States  Government  so  as  to  afford  easy  exchange  of  data  and 
cooperative  use  of  the  three  systems . Reporting  forms  are  in  the  final 
stages  of  preparation  and  the  entire  system  will  hopefully  be  ■ gx'- rational 
in  atout  three  years. 


CONSTRUCTION  GRANT  PROGRAM 

The  Commission  maintai.ns  a grant  administrator  whose  responsi- 
bilities include  assisting  munici palities  in  all  phases  of  the  con- 
struction grant  oronram.  Prospective  applicants  arc  advised  of  state 
and  federal  grant  programs  currently  in  effect  for  sewage  treatment 
works,  where  to  obtain  and  file  applications  and  are  kept  advised  of 
all  program  developments  of  importance . Under  administrative  rules 
of  the  Commission,  grants  are  allocated  by  the  admi nistrator  according 
to  priority  points  assigrr'cnt . The  administrator  also  certifies 
projects  to  the  State  Treasurer , serves  as  intermediary  between  the 
Cl ty  and  the  United  States  Environmental  Protection  Agency  for  federal 
grants  and  makes  inspections  of  grant  projects . 

No  financial  assistance  for  maintenance  of  pollution  control 
facilities  is  provided  by  the  state.  Technical  assistance  is  provided 
by  the  Department  of  Public  Health,  Division  of  Engineering.  Instruction 
in  maintenance  of  specific  pieces  of  treatment  plant  equipment  is 
provided  through  the  Depirtment ' s operator  training  program. 

The  state  also  provides  for  the  exemption  of  water  pollution 
control  facilities  from  certain  taxes. 

All  applications  for  water  pal lution  control  tax  certificates  are 
1 1 led  with  the  State  Tax  Commission,  but  are  referred  to  the  Water 
Resource's  Commission  for  approval . If  the  Water  Resources  Commission 
finds  that  the  facility  is  designed  and  operated  primarily  for  the 
control , capture  and  removal  of  industrial  wastes  from  the  waters, 
ami  is  suitable , reasonably  adi^^quate  and  meets  th  intent  and  purposes 
of  the  Water  Resources  Commission  statute,  it  so  ixd.ifies  the  Etate 
Tax  Commission  who  then  is.sucs  the  certificate . 

A facility  covered  by  a tax  ct>rtificate  is  exempt  from  pi'rsonal 
propczty  taxes,  and  tangible  personal  property  which  becomes  affixed 
and  made  .1  structural  part  of  the  real  estate  .>f  such  facil'tj  is 
exempt  from  sales  aixl  use  taxes. 

Provisions  are  made  in  the  Act  for  nxxl i f icat ion  or  revocation  of 
the  certificate  under  certain  conditiins. 


Combined  Sewerage  Si) stems 


New  seweraqe  system:-  must  he  developed  on  the  basis  of  separate 
sewers  for  stormwater  and  sanitary  wastewater . When  at  all  feasible 
separated  sanitary  wastewater  systems  shall  not  be  discharged  into 
combined  systems.  If  such  discharge  does  occur  control  f€tcilities  must 
be  developed  on  the  combined  system  so  as  to  protect  present  and  future 
water  uses  of  the  receiving  waters  consistent  with  the  requirements  of 
the  Water  Resources  Commission  statute.  Problems  associated  with  the 
overflow  of  storm  and  sanitary  waste  from  existing  combined  public 
sewers  in  the  Lake  Michigan , Lake  Superior  and  Lake  Krie  basins  must 
be  corrected  on  or  before  June  1,  1977. 

Nutr ients  in  Municipal  and  Industrial  Waste  Discharges 

Nutrient  discharges,  particularly  with  respect  to  phosphates,  to 
public  waters  must  be  controlled.  Persons  proposing  to  make  a new  or 
increased  use  of  waters  of  the  state  for  waste  disposal  purposes  are 
required , coincident  with  the  new  or  increased  use,  to  utilize  such 
technology  and  processes  which  are  known  for  the  removal  of  phosphorus 
compounds  and  as  a long-term  objective , all  existing  waste  dischargers 
will  be  required  to  provide  facilities  for  the  removal  of  phosphorus 
compounds  by  December,  1972.  See  Page  8b  for  further  discussion . 

Control  of  New  Waste  Discharges 

The  Michigan  Water  Resources  Commission  will  prevent  the  develop- 
ment of  new  problems  by  continued  implementation  of  Section  8(b)  of 
its  statute  which  requires  the  filing  of  a statement  of  use  by  any 
person  proposing  to  make  a new  or  substantial  increase  in  use  of  waters 
of  the  state  for  waste  disposal  purposes.  The  Commission,  upon  receipt 
of  a statement,  makes  an  Order  stating  such  minimum  restrictions  as 
may  be  necessary  to  guard  adequately  against  unlawful  uses  of  waters 
of  the  State. 

Water  Quality  Standards 

Water  quality  standards  and  use  designations  for  all  inter-  and 
intrastate  waters  have  been  adopted.  Water  use  designations  together 
with  a plan  of  implementation  and  enforcement  of  the  standards  were 
adopted  for  interstate  waters  on  June  28,  196",  while  the  i ntrastate 
water  standards  were  adopted  on  January  4,  1968.  The  use  designations 
for  intrastate  waters  were  established  on  March  20,  7969.  /I  series  ol 
five  water  and  related  land  resource  inventoru  reports  were  compiled 
by  the  staff  of  the  Water  Resources  Commission  and  wer<’  usi.'d,  along 
with  other  supporting  data,  as  btickgroumi  material  tor  det  'rmining 
use  designations. 


Watercraft  Pollution  Conc^ol 
(Act  167,  Public  Acts  of  1970) 


The  "Watercraft  Pol  li:tior>  Cor.'.i'ol  Act  ol  1970"  was  passed  by  the 
Michigan  Legislature  and  signed  into  law  August  4,  1970.  This  law 
strengthened  and  ex  parried  the  watcrcral  t pollution  control  program 
already  in  effect  under  the  Water  resources  Commission' s Administrative 
Rules.  It  is  of  spi>cial  inti^rest  to  all  Michigan  watercraft  owners  and 
marina  operators,  since  it.  spells  out  certain  requirements  for  all 
vessel  and  murina  owners  in  the  .st.^t.:  . 

Effective  January  1,  1971,  all  toilet  ecn.ipfK‘d  watercraft  moored  or 
operated  on  the  Siaite' :■  waters  (including  carro-carrying  vessels , inter- 
state and  internat iniril  vt'ssels , documenter!  vessels , and  pleasure  water- 
craft) must  be  equipped  with  one  of  the  following  pollution  control 
devices : 

a.  A hold  ini  tank  which  will  r-.tain  all  sewage  produced  on  the 
watercraft  for  subsequent  on-shore  disposal  at  an  approved 
sewage  disposal  facility. 

b.  A rerirculatir  7,  self-contained  mkirine  toilet  (permanently 
attached  or  portable)  which  will  retain  ail  sewage  produced 
on  the  watercraft  for  subsequent  on-shore  disposal  at  an  ap- 
proved sewagf‘  dispi^sal  facility . 

c.  An  incinerating  --ice  which  will  reduce  to  ash  all  sewage 
produced  on  the  watercraft . .Ash  remain*:  must  be  disposexi 
at  an  appropriate  receptacle  on  shore. 

No  person  may  owr' , operate , or  p^’mit  thc‘  op''ration  cf  any  marine 
sanitation  device  which  w: I directly  or  indirectly  discharge  treated 
or  yntreated  sewage  into  th>'  inlarx:  or  Great  Lakes  waters  of  the  State. 

The  macerator-chlorinator  is  not  an  approved  .sanitation  device. 

Since  holiirui  t-inks  :nd  1 f-.-nntai ned  mirine  uiilets  require 
periodic  pumping  out,  the  .new  law  .reviles  that  all  private  .marinas  or 
docks  that  have  facilities  t:  hand.!-'  15  o:  more  w.crrcraft  of  the  size 
capable  of  being  oq  -ppid  with  a rn.ir.ne  toilet,  opf'rating  on  the  bottom- 
lands of  the  State's  waters  un.ier  p,.Tmi  f or  h ast'  from  th<>  Pepartment  of 
Natural  Resources,  shall  b’  r.iuiriied  with  an  approved  pump-out  facility 
to  service  those  w.iter  cr.iff  . Failure  to  compel  with  this  provision  may 
be  just  cause  for  revocation  of  the  permit  or  lease  to  operate.  All 
state  and  local  public  nar:n.is  must  a Je  ei7uipf)**<;  with  pumpi-out 
fad  li  ties  if  ibemed  nece.s.iary . Pumfi-out  t ed  litier.  are  already  avar  lable 
at  most  state  assisted  public  marin.js  a.xi  many  private  marinas  anil 
yacht  clubs. 

Oil  .jnd  litter  d i srh.ir.res  from  w-s.iels  are  also  covered  under  tht 
provisions  of  the  Act.  At,  i ves  ae . J - • ir  77  n<;  oil  or  o ly  wastes  must 
inrHdiately  take  .teps  to  ■ ■'■■ar.  up  suob  discharge  ,'*r  f-  Halle  to  th>' 

State  for  an,  .nst--  itvutrift  ‘'or  removal. 

Failure  to  comply  wta  my  ,•  f h ■ provisions  ,t  td  Act  nyiy  result 
in  a citation  art!  fine  at  m *0  ..  j-Jll . i.ip , 
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WATER  RESOURCES  COMMISSION'S  POLICY  ON  PHOSPHATE  REMOVAL 


The  Water  Resources  Coinmission' s pollution  control  ptogram  con- 
cerning phosphate  removal  was  estal lished  in  October,  1967,  when  the 
following  policy  was  adopted: 

WHEREAS , Nutrients  released  to  our  water  env iromt^nt  are  a contri- 
buting factor  to  an  accelerated  rate  of  aging  of  inland 
lakes  and  stTcams,  including  the  Great  I^kcs , as  evidenced 
by  growths  of  aquatic  weeds  and  algae;  and 

WHEREAS,  phosphorus  is  an  essential  element  to  such  growths; 

THEREFORE  HE  IT  RESOLVED , that  pe:rsons  proposing  to  n ake  a new 

or  increased  use  of  waters  of  the  state  for  waste  dispsoal 
purposes  will  be  requi  rt:d , coincident  with  the  new  or 
increas(xi  use,  to  utilize  such  technology  and  processes 
which  are  known  for  the  removal  of  phosphorus  compounds 
and  that  as  a long-term  objective , all  existing  waste 
dischargers  will  be  required  to  provide  facilities  for 
the  removal  of  phosphorus  comp.iunds  by  Deccmix;r , 1972. 

The  nutrient  policy  as  applied  to  stabi 1 i zation  lagoens  was 
adopted  at  the  Novemlx^r-Pecember  meeting  of  th.e  same  year  and  reads 
as  fol lows : 


"Generally , these  requirements  may  be  reasonably  met  by 
waste  stabilization  lagoons  in  small  communities  and 
others  where  the  lagoons  will  provide  equal  or  greater 
assurance  of  meeting  established  water  qualitu  objectives 
for  the  receiving  waters  (other  than  nutrierts)  than 
may  be  provided  by  other  types  of  treatment  facilities 
for  such  conditions . 

The  waste  stabili  zation  la^/oon  process  does  not  provide 
a high  degree  of  removal  of  phosphates , thei efore , such 
i nsta ' lations  may  not  he  adequate  for  discha  rge  of  the 
effluent  of  certain  locations  such  as  inland' lakes  and 
i mpc'iundmen  ts . 

When  practictil  methods  are  developtxi  for  effective  re:noval 
of  phosphates  in  the  lagoon  process  by  modification  of 
design  features  or  by  process  control  methods,  owni'ts  of 
any  such  facilities  will  be  requ  rtxl  to  incor/’orat^'  and 
utilize  such  features  and  method::." 
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Thf>  Depiir f,7)r>nt  of  I'cblic  .ictinu  through  . ts  Oxvisiort  ot 

Engint'oring , oxorcisor:  supt'rvisor/  oon’rol  c'.  or  all  public  sewerage 
sgstens.  The  Dir'Ctor  of  the  t .ro.’it  is  required  bg  statute,  Act 

98,  Pubx ic  Acts  o:  1813,  is  amended,  to  "exercise  due  care  to  see  that 

all  sewerage  sgst  >ms  are  propt'rlg  planned,  constructed  and  operated  so 
■IS  to  prevent  unlawful  pollution  of  the  streuns,  lakes  and  other  water 
resources  of  the  s'~ate".  the  companion  statute.  Act  f-'IS,  Public  Acts 
of  192'^,  cis  amended,  defines  uniawful  pollution  and  authorizes  the 
Water  Resources  Comini sr ion  to  "establ irh  such  pol lution  standards  for 
lakes,  rivers,  streams,  and  other  waters  of  the  state  in  relation  to 
the  public  use  to  which  theg  are  oi  riiu  be  put,  as  it  shall  deem 
necessarg" . Such  pillutinn  standards  and  the  water  qualitu  c:  i'^ci  ia 
relating  to  the  public  uses,  reccntlu  approved  for  both  interstate  and 
intrastate  strt'ams,  prnvitl''  the  fz artwork  upon  which  decisions  are 
made  and  actions  taken  in  relation  to  the  planning,  dfisign,  construction 
and  operation  of  all  sewer  sustems  and  treatment  works.  Elements  of 
this  supervisorg  program  include  the  following: 

Facilities  Planning  and  Approval 

1.  Review  engineering  reports  establishing  the  basis  of  design  for 
projects  involving  ndlectior.  aixl  treatment  of  wastewater  and 
consult  with  the  eng:neers  and  nunici pal  officials  on  elements  of 
the  jiroposetl  design  prior  to  ieve-lopment  of  plans  and  spf'ci  fica- 
tions  for  the  nrei,\g,  require  rodi  f ication  of  firofxised  design 
where  appropriate  and,  when  found  to  be  sat i sfactorg , approve  same. 

2.  Review,  approve  or  reject  and  secure  chamies  in  plans  and  speci- 
fications submi tti\l  for  new  municipal  sgstems  oi  for  changes  in 
existing  sgstems,  lath  for  collection  and  treatment.  No  public 
sewerage  sgstem  nag  ft'  built  or  afteret?  without  specific  approval 
bg  construction  permit. 

3.  Conducts  inspections  to  determine  that  construction  of  public 
sewerage  sgs  ferns  conforms  to  approveii  pi. ms  and  specifications . 

4.  Require  rrxiuctinn  of  overtlows  from  existing  cn.~ib_.ned  sewer  sgstems. 
Adoption  of  acceler.it'sl  programs  for  effective  control  of  over- 
flows from  such  ::us terns  js  stromlg  urgtxi . 

5.  Require  ttrunic  i ptil  rathe’  than  private  CM-riershi  p of  all  sewerage 

sgstems  srrvin.i  the  piblic  in  the  belief  that  depi  n.iable  and 

effective  operation  aixi  over. il.  pollution  control  is  the'rebg  assured. 

6.  Counsels  with  officials  of  munici pil itier  and  their  consulting 
engineering  agents  as  to  the  need  and  met.'iods  tor  collection  and 
treatment  of  w.istewafer . 

7.  Stronglu  erx'ourage  an.!,  when  .ip"opriat<  , r- quire  the  levelopnmt 
of  multicoimminitu  area  planning  to  provide  idtec’-.ve  services  aad 
pollution  control  f.icilitiei.  utilirirg  st  utx:  nin.icement  principles, 
,Manu  such  areas  are  currentlg  serv'xl  bg  an  integrateil  sgstem  of 
sewers,  mfercevtot  s , ani  treatment  works.  others  are  being  so 
planned  in  sever.il  .ireas 

Encouraife  thr'  .t. /mission  of  irxiustri.il  wa.tes  in  mun  ic  i 1 si'Wf'tage 
sg.stems  wb>'re  such  wastes  will  not  advf'tselg  affect  tin  sgstem  and 
its  perfortruince  in  relation  to  efff*ct  ive  fx’lluti  rn  control. 


8. 
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Fnatcr , tincnura^c-  anii  assist  commurii  f.  i «.s  ■ tiie  adopt  on  of  effective 
And  pricf.icaj  sower  use  ordinances  for  the  contiol  of  industrial 
wastes  to  be  admitted  to  the  seweiaqe  system.  In  nan..-  instances, 
technical  assistance  and  counsel  is  provided  in  the  location , analyses , 
evaluation,  and  pretreatment  of  wastes,  par ticalarl y t nose  detrimental 
to  biological  treatment  processes  and  in  the  developme-nt  of  effective 
corrective  measures  and  controls. 

10.  Encoura.-e,  and  where  appropriate , require  communities  to  conduct 
studies,  pilot  or  plant  scale,  to  provide  a dependablt  basis  of 
design  for  unus-ual  combinations  of  industrial  and  mum  ci  pal  wastes 

t"  be  treated  where  sufficient  information  is  not  available  for  design 
pi.  r poser . 

11.  Encouraae  and  assist  communities  to  conduct  studies  tc  establish 
ef.'ectf.-"  m.thods  for  removal  of  phosphates  from  theii  wastes  at  existing 
ri-.-atmt  nz  works.  In  t.he  last  year,  several  communitits  have  purchased 
spectromc  --qui  pmont  and  are  obtaining  background  data  on  phosphates 

in  their  wastes.  Some  are  doing  bench  scale  tests  on  ohosphate  re:noval 
w.’h  ir:>.i  and  aluminum  salts. 

11.  Require  : anilities  for  removal  of  phosphates  in  design  of  new  treatment 

wotA.‘  , consistent  with  the  adopted  policy  of  the  Water  Resources  Commission. 

13.  Require  -xpansion  and  improvements  of  municipal  facilities,  both  for 
collection  and  treatment  as  pre.sent  capacity  :s  approazhed,  rather  than 
Walt  until  the  facilities  are  overloaded  before  taking  action.  Approval 
of  se-wer  extensions  is  withheld  where  additional  loadings  would 

exceed  tne  capacity  of  the  system  until  an  acceptable  program  for 
relief  : r.  officially  adopted.  "Sewer  bans"  have  been  ■ mpnsed  in  such 
circumstances.  Authority  for  such  action  has  been  tes  ed  and  upheld 
in  the  courts. 

14.  Order  changes  in  facilities  or  their  operation  when  rei-uirements  of 
the  statutes  have  not  been  met.  Alternatively , cases  nvolving 
deficiency  in  facilities  are  referred  tc  the  Water  P.esi-urces  Commission 
for  a.-tion. 


15.  As  .igent  for  the  Water  Resources  Commission , review,  approve  or  reject 

plans  -iubmitted  for  new  sewer  systems,  other  than  municipal,  or  for  "1 

chancres  .n  existing  ones. 

IR.  Assist  and  eriQ^i^ragc  local  healt.h  deprartments  to  effectively  direct  and 
control  the  installation  of  private  sewage  disposal  systems  where 
public  se-wer  sytems  are  not  available  for  connection. 

17.  Require  construction  of  separate  sanitary  s-rwers  tor  new  community  systems . 

Faci  1 1 ty  Opreration  - Supervision,  Visitation 

1,  Require  the  effective  operation  of  all  treatment  works,  incl udina 
pumping  stations  and  sewer  system  appurtenances . 

1.  Require  all  municipalities  to  submit  repxarts  monthly  on  the  .)p>erat  ion 

of  tr‘'atment  works.  Standard  report  forms  are  provided  by  the  Department 
and  each  iriniciprality  is  advised  as  to  the  ranimu.m  information  to  be 
reported  and  t.’'--  frequency  (number  ot  .lays  /-er  week  of  n-rio:  1 1 nq . 

Includ'  t are  both  physical  data  ana  laboutcry  ai.tluses  to  establish 


characteristics  of  the  plant  ecf,jer.t  . ACport  fo:'ms  are  presently 
being  revised  to  incluie  cheinical  a:.alyses , inclaciny  phosphorus 
data  {Appendix  £'/  . Such  inforn^tion  is  used  to  determine  effectivenc-:s 
of  overall  plant  performance,  cericiencies  of  component  facilities , 

■apacity  reserves  tor  additional  loadings,  and  operational  problems 
and  shortcomings . Action  is  taken  to  assist  in  corrective  measures  i 

ani  to  require  correction. 

3.  Su:ervis“  operation  by  on-site  inspection , instruction  and  consul tation 
with  plant  op<!rating  personnel.  Adequate  services  of  this  nature 
requires  vi si tation  once  during  eacn  three  months  on  the  average. 

Privately-Owned  Public  Sewerage  System  Policy 

1.  Require  private  develo{xirs  of  public  sewerage  facilities  to  obtain 
authorization  and  approval  from  tne  township  board  as  to  all  related 
matters  as  required  by  the  co.is  ti tution , applicable  laws,  and  local 
ordi nance . 

2.  Require  a plan  for  the  effective  and  continuous  operation  of  the 
facilities  by  the  ^wner. 

3.  Require  a resolution  by  the  township  board  that  it  will  .assume  complete 
responsibility  toi  the  effective  operation  and  maintenance  and  make 
any  necessa  ru  repairs,  replacements,  extensions  or  improvements  to 
the  facilities  which  are  required  in  the  public  interest  if  the  private 
owner  should  fail  to  do  so. 


£ES£i  tor  Certification  and  Training 

1.  Require  all  municipalities  to  employ  operators  whose  com[>otency  has 
been  certified  by  the  Department . By  statute,  it  is  mandatory  that 
the  person  in  charge  of  the  plant  be  so  certified . Over  600  operators 
have  been  so  certified  on  the  basis  of  education , experience,  and 
written  examinations . About  200  operators  with  plant  expx^rience  are 
examine'-  each  year.  A high  percentage  of  applicants  are  certified 
operators  seeking  to  establish  qualifications  for  a higher  plant 
ul assi fication . 

2.  Conduct  formal  group  training  sessions  to  impact  spe.cific  information 

related  to  effective  operational  control,  to  provide  opportunitu  for 
exchange  ot  information  and  experience  and  to  provide  incentives  tor 
rnlf-studi)  and  development.  Over  ;2b  operators  attend  a 2-day  meeting 
each  gear  conducted  by  Department  engineers  and  chemists.  A series  of 
four  S-day  sessions  in  laboratory  procedures  involving  chemical  and 
bacter toloaic 1 L analyses  have  been  conductimi  concurrently  with  four 
5-day  sessions  in  colorimetry  by  tr,e  Departnev  staff  durimi  January 
and  February  the  past  two  years;  2/5  operators  who  presently  preform  ) 

such  tn.sts  -;t  their  '^iants  rcgisteid  for  these  short  courses.  Fvcning 
■c:  r.:r-s  are  hela  throughout  the  state  for  a 12-week  ixyiori  in  mathe- 

m.j.  : chemistry  or  hydraulics  oS  applied  to  wastewater  works  opt>ratiori, 

in  a itive  program  with  other  agencies  and  orguni  zatio- s . Sfiecial 

courses  1 r,  process  control,  safety,  and  related  areas  are  sponsored 
Wit*)  ether  gri.nps. 

i.  finer  ;a,j,  tutors  to  meet  on  a regular  schedule,  usually  about  once 
n nchly,  on  the;  r 'xwn  irotiat  ive  to  exchange  inlormation  on  plant 


selectej  subjects  reldtea  to  facilities  design  anc  "'lai  ntenance, 
laboratory  equiornent,  etc.  About  ten  sucb  qroups  rieet  regularly  » i tn 
jr"-*  roc  np-,-r,*  . • i'- r i ci  pa'*  i r ' . 


Require  all  "lu- i .ci  p : I I *■  i es  tc  jl.i-^pc* 

1 : >,  ..r--;  t ■■  tr-.  r.'"*.!,'-'  A.  t r' 

a J ; in  I i'  j an';  i . v i nr  j a I K : M 
' . ' ■ , ’'r  i ' ' * t ► i n ; I i c\'  . 

R.-’ji--  ■ :'ovisi  'ns  o+  a,1<  auate  * ;^ili''i 

n>on  i n.^r  i n - , .icd  tpsti"q  in  such  a r,:nnen  ;S 
(.‘fee'll /c  ■; i j i r f ec  i , 

•■■•''Cuinfi  rnqu  I ar  ’■•■'porti  nn  on  forns  furnish"J  by  the  Depar+ment  of 
,*  Icri-'..  jsed  Jdily,  result,,  of  chlorine  rosinuul  readings,  and 
r.-ii  i n ' yf'rn-,!  t i .^n  . ‘'.''■n  r.cnrtun  i t i in-  p,"' • ot"(’'i  ng  bacterioU  ai 

analv.er  the  n|-TinateC  e*flucn-  as  a che^t.  on  the  chlorine 
j -n-  .and  chi  'nine  residual  reoim.^ns.  Other  small  communities  ar 
„•  r.  - • iv  p!  it.nin.j  er'Dl'.'  idditionil  rei  i rK'.-monts  in  control  thi. 


' J ' r • f 1 ■*  J . ' , 
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ike  'Tichigen  'ind  the  Iributarv  Bdsins 
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.V  1 re  trojtrrent  is  to  be  provided  by  all  "ijni  ipaliiies  to  uchiev-- 
at  least  30  percent  reduction  of  total  phosphorus  and  to  produce 
in  effluent  that  *111  not  result  in  degradation  of  Lake  ’-'i  cri  i gan ' s 
<vaten  :]jdlity.  :'u~h  treatment  will  provide  compliance  with  the 
w ite’'  i.ality  standard',  f.-r  Lake  Michigan  a-j  appro'.'ed  by  tt.e 
•■-'etary  - t the  Interior  and  the  appropriate  State  water  pollution 
(-■^nrrol  agency  cf  Illinois,  Indiana,  Michigan  or  .‘.isconsin.  This 
action  ij  to.  f.e  substantially  accomplished  by  Jeuember,  1972. 

*'C  t r on  T a ken 

On  February  5,  1968,  letters  were  sent  to  all  municipalities  whir' 

’ w istewater  treatment  pl.ants  discharqir,  t to  the  surface  waters  of 

th.  date.  The  letter  transmitted  a copy  of  the  Resolution  adopted  by 

iter  Resources  Commission  in  October,  1967,  calling  for  removal 
ot  phosphorus  compounds  from  waste  discharges  by  June  I,  1077.  It  also 
planted  .auT  ttiat  Jutie  I,  1977  was  an  outside  date  for  meeting  the 
'bjertive  ind  that  earlier  ,'ompliance  should  be  sou'iht  wherever  possil'I.-. 

in  June  5,  19'. 8,  letters  were  sent  to  communities  of  2,000  ponu- 
I it  ion  .r  laraer  wi  triin  the  Lake  '■liefiigan  basin  advancinn  the  date  for 
ph..-,phorus  removal  to  Dec'^mber,  1972,  in  conformance  with  the  Secret. iry' 
recommendation.  Those  comm.un  i t i es  within  the  basin,  and  d i scharg  i ng 
t ; interstate  waters,  were  also  apprised  of  the  need  to  provide  secondary 
treatment  by  June  I,  1972,  unless  it  can  be  demonstrated  that  a lesser 
degree  of  treatment  or  control  will  provide  tor  water  quality  enhance- 
'•1-  ' t cofTimen'iurate  with  present  and  proposed  future  use  ,ic  defi'H'd  by 
trn-  r..'der,i  I -"•t.ito  interstate  water  gualitv  .tundard.. 


V-106 


Foma  I Stipulations  were  sent  to  communities  which  responded 
tjvorably  to  the  requests  for  improved  treatment.  The  Stipulations 
formsiize  an  orderly  studv,  design  and  construction  program  with  per- 
♦ormjnce  dates  consistent  with  the  Secretary's  recommendation,  f or"  ..r i t i es 
nc*  proceeainj  .'olunijrily  hive  uppeareJ  he*  • the  ..omr  i as  i ^>n  ■/  : :• 

of  Determination  have  been  adopted  against  ill  . f these  w i fti  popsl  :ti.' 
greater  than  2,000. 

3.  Pc-llution  Control  of  Water  Within  the  Grand  River  Basir. 

Tahlc  J -1  presented  earlier  outlines  the  pollution  control  ..I  ;■ 
f..r  the  irand  Hiver  basin.  A set  of  maps  d Aing  municipal  and  industri  ;l  dis- 
charge points  accorr.D.m  i es  the  table.  In  addition,  a set  of  tabU;s  identif.ing 
the  agencies  responsible  for  implement  inn  the  plan  are  included  on  the  foil  *i‘ 
paO'.  ■'  . 

A Separate  metropolitan  pollution  control  plan  has  been  submitt--d 
for  Jjoks.n  ind  additional  metropnlilan  plans  will  be  submitted  '^or  tf.  lar.-ing 
and  Grand  Rapids  metropolitan  areas. 
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Sjx  ypnexcii  areas  in  Che  Grdnd  Rivui  bu.'in  are  antici  fhjteJ 
reiquire  advanced  waste  txeatnent  before  the  near  2000.  Twv  of  these 
areas  will  need  advanced  treatment  between  ck)w  and  1980.  These  areas 
either  are  located  near  streams  kav:nn  low  Jrou-/ht  fh.>ws  or  handle  large 
guanfities  of  ivastewater  and  discharge  f.‘  moderate  size  livers. 

In  terms  of  this  report,  advanced  waste  t r>- itment  J:  defined  as 
treatment  over  and  above  phosphorus  retth  val  t d "seconauiy"  or  standard 
biological  treatment  which  remc'ves  at  lea-t  “e  ptircent  ot  the  organic 
constituents  as  measared  i'y  the  staiuiani  ‘i-il  .l,  nob  test  . Advanced  waste 
treatment  is  con.s:  d>  rt'd  n-^cessary  whvn  the  r.  •, ideal  HOD  loading  trom  a 
secondary  treatment  plant  will  depreys  the  d.  solved  oxycen  level  in  the 
receiving  strt'am  ht  low  th.it  specil  :e^.'  by  watt  t .pa.ilitg  standards  when 
the  flow  in  the  receiving  stream  is  leys  that,  or  egual  to  the  7-, jag 
average  lew  tjow  expecteri  to  occur  onci  in  i<  gears. 

for  the  art  as  specified  as  re  ;u i r ing  advanced  treatnent  after  1^80 
but  before  2000,  it  s.hould  be  noted  that  a great  deal  ot  additional 
data  and  study  is  reguired  to  adequatelg  document  and  verify  many  d 
the  snecit  ic  pro!  lemr.. 

Because  ttx'  Water  Kesour  cer  C omssior.  and  the  Deiiar  tment  of  fublic 
Health  are  entorcement  and  appreva  : agenc;  f's , ■ / *’  determination  of  the 
kind  of  treatment  suitable  for  eich  cf  these  cnmmut.i  t ier.  is  the  task  of 
consultant  ■'tigineers  hired  by  the  -crmunitiey.  The  Dc-p>ai  tment  of  I'ul  lic 
Health  and  the  Water  Resources  Comr'issior.  review  the  engineering  tep>orts 
to  see  if  the  alternatives  were  su'ticientlg  reviewt-y]  by  the  engineer. 

The  treatment  propxosed  by  the  community  is  then  evaluated  to  insure 
that  the  effluent  will  meet  water  'luality  standards  and  that  the  means 
of  treatment  is  reasonable,  in  terms  of  cost,  as  cnmp,ired  to  other 
alternatives. 

The  following  is  a list  ot  communities  reguiring  advanced  treatment 
or  alternatives  to  additional  trear.me.nt  within  the  Grand  Basin.  The 
listed  alternatives  have  l>een  suggested  by  thr-  consultant  engineers  and 
by  the  stafl  of  the  Michigan  Dep^irtment  ot  Public  Health  and  the  Water 
Resources  Commission.  Final  plans  d'  Scnbin g the  typie  treatment  to  be 
provided  are  reviewed  arxi  approv-xi  or  isapprevt'd  bu  the  Pefiai  tment  of 
Public  Health  and  the  Water  Resources  Commiss  on.  Only  grant  appl i cations 
with  approved  plans  are  submitte  i to  the  federal  Government.  Those 
disapproved  are  returned  to  the  communrty  tor  revisions  or  furthei  review 
of  other  alternatives. 
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Jackson 


J.  Sec'oriajry  treatment  w/  sand  /liters 

Seconauzy  tre^^tment  -^/  effluent  ponds 

J.  Seaonaury  tteut/m-nt  *1/  micro  stiu  n>  /o 

•i.  Secondary  treatment  spray  imyatit  n 

5.  Secondary  treatment  «'/  nitrification 

and  extended  aeiation. 


Alternative  » 5 ivas  proposed  and  adopted  by  the  City  and  has  been 
approved  by  the  Department  of  Public  Health  and  the  Water  Resources 
Commission. 

East  Lansiny  (Includes  Meridian  2’ownshipJ 

Alternatives  1-5  are  based  on  provision  of  teritaiy  treatment  by 
carbon  adsorption  and  nitrif icatio.n. 

1.  East  Coasing,  Mason,  comidne  and  treat  at  East  Lansing,  abandon 
Mason  plant. 

2.  East  Lansing , Delhi  Township,  Mason,  Combine  and  be  treated  at 
East  Lansing  plant,  abandon  other  two  plants. 

3.  Delhi  Township  a.id  Mason,  combine  and  treat  at  Lansing  Plant, 
abandon  Delhi  and  Mason  Pla.its. 

4.  East  Lansing,  Lansing,  Mason,  Delhi  Township;  abandon  East  Lansing, 
Mason  and  Delhi  Plants,  treat  combined  .vastes  at  Lansing  Plant. 

5.  East  Lansing,  Lansing,  Mason,  Delhi  Township , Watertown  Township , 
combine  and  treat  at  Lansing,  abandon  other  plants. 

0 . East  Lansing  treat  only  tneir  wastes  and  Meridian  Township  using 
advanced  treatment  - mixed  media  filters. 

Alternative  tfb  has  been  pro[xjsed  sy  the  City,  It  is  now  being 
reviewed  by  the  Department  ot  Public  Health  and  ttie  nattr  hesources 
Commission . 

Costs  for  Wastewater  Treatment  Alternatives  Involving  East  Lansing 


A1 ternati ve 


Total  Cost  for 

Total  Cost  for  the  Alternative  Individual  Treatment 
($1  fr.)  ($1  Yr.) 


$2 , 5tjd  , 000 


>'2,  '.g‘^,UOO 


2,‘}77,500 


<,21  <,000 


4,163,000 


4,405,000 


6,224,300 


>■,«  '.',000 


b, 236, 500 


b, 62 2, 000 


2,3')7 ,000 


Willidmston 


■w 


1.  Waste  stabilization  ponds 

2.  Activated  sludge  with  extended  aeration 

3.  Biological  oxidation  towers 

Alternative  42  was  proposed  and  adopted  bg  the  City.  Plans  were 
approved  by  the  Department  of  Public  Health  and  the  Water  Resources 
Commission . Construction  grants  have  been  received  by  the  City  and 
construction  began  in  June  1971. 

Mason 

1.  Interceptor  to  East  Lansing  treatment  facility 

2.  Interceptor  to  Lansing  Treatment  facility 

3.  Combination  of  one  and  two 

4.  On  .'and  disposal 

Mason  has  not  submitted  plans  to  provide  for  advanced  treatment 
at  this  time.  However,  the  above  alternatives  arc  being  looked  at  by 
the  Water  Resources  Commission  to  he  placed  in  operation  in  Mason. 

Delta  Township 

1.  Transport  secondary  effluent  to  finishing  plant  in  Lansing  area 

2.  Enlarge  secondary  facility  with  physical  provisions  to  allow 
addition  of  tertiary  processes . 

Alternative  42  was  propxosed  and  adopted  by  the  Township.  Approval 
was  given  by  the  Department  of  Public  Health  and  the  Water  Resources 
Commission.  Federal-State  construction  grants  have  been  received  by  the 
Tow  ns  hi  p. 

DeWitt-DeWitt  Township 

A maximum  of  300  pounds  per  day  BUD  is  permitted  from  the  City  of 
DeWitt  and  DeWitt  Township  combined  to  be  discharged  to  the  Looking 
Glass  River.  The  Township  is  just  completi ng  a new  secondary  treatment 
facility.  The  City  of  DeWitt  will  soon  need  more  than  secondary  treat- 
ment. If  population  projections  hold  true  advanced  treatment  will  tf‘ 
necessary  in  the  near  futuie. 


Alternatives:  1.  City  of  DeWitt  to  DeWitt  Township. 

2.  Bath  Township,  Watertown  Township,  City  of  DeWitt. 
at  an  expandr^i  DeWitt  Tinwnsh  i p Plant. 

3.  Df?Witt  and  Di'Witt  Ti^nship  to  Lansing. 


Economi cally , 
been  submi  ttf'd  for 


Alternative  »1  is  most  attractive, 
any  of  these  alternatives  to  date. 


Plans  have  not 


i 


Tertiary  treatment  will  be  required  by  December,  1974 , tor  Lansing. 
Preliminary  plans  must  be  submitted  by  February  1,  1972. 

Alternatives  being  considered  in  addition  to  or  in  conjunction  with 
Fast  Lansing  alterantives  3,  4,  and  5 are: 

1.  Physical-chemical  treatment 

2.  Secondary  treatment  with  sand  filtration  and  extended  aeration 

3.  Two  stage,  activated  sludge  for  ammonia  conversion. 

All  alternatives  include  construction  of  stormwater  retention  basin. 
St.  Johns 

St.  Johns  is  under  Final  Order  to  provide  phosphorus  removal  by 
December  1,  1972.  The  City  has  further  been  advised  that  a higher 
degree  of  treatment  (secondary  with  trickling  filter  Is  now  provided ) 
is  necessary . St.  Johns  Drain  whicn  receives  the  effluent  from  the 
City' s wastewater  treatment  plant  has  a low  flow  of  zero. 

■Vo  plans  or  alternatives  to  advanced  treatment  have  been  submitted 
by  the  City  at  this  time.  St.  Johns  has  not  filed  a grant  application . 

It  should  be  noted  that  those  communities  likely  to  require 
advanced  waste  treatment  in  the  near  future  are  all  in  the  Lansing 
,'ietropolitan  Area.  A metropolitan  water  quality  management  plan  will 
be  completed  for  this  area  soon.  Therefore , additional  discussion  of 
the  advanced  treatment  needs  is  not  deemed  necessary  in  the  basin  1.I-1.. 


^ . Impact  of  the  imposed  Waste  Treatment  on  Wati > . i i ' ' > . 

The  major  sources  pollution  and  actions  needed  f - -- 
abatement  have  been  identified  within  the  basin.  Upon  implementing  the  plan, 
water  quality  will  be  improved  sc  as  to  meet  water  quality  standards  and  pro- 
tected uses  in  most  of  the  surface  water  of  the  basin. 

water  quality  may  still  be  deficient  in  some  isolitfu 
areas  where  sm.a  I I unidentified  sources  of  pollution  occur.  By  abatinej  t*v 
major  sources  of  pollution,  the  smaller  pollution  sources  will  be  r-Km,-  n :;il 
identifiable  and  action  will  be  taken  to  correct  them. 

There  are  stretches  of  streams  within  the  basin  wh.’r. ■ 
natural  water  quality  may  at  times  be  lower  than  certain  parameter  # » jt>>r 
quality  standards  specified  for  a designated  use.  However,  ir  is  i ■ - j,  j ;t 

the  water  qualitv  for  a designated  use  be  maintained  except  in  those  inrfrn. - 
where  because  of  natural  conditions  the  quality  is  lowered. 

5 . Grand  River  Basin  Metropolitan  Planning  St  . 

Three  metropolitan  areas  fSMSA's)  are  located  :■  *'- 

fjrand  Piver  basin.  Each  metropolitan  area  has  a planning  commissi'  ' r-  ; 
ble  for  level  'pina  metropolitan  plans  within  their  jurisdiction. 

The  .lackson  Metropo  I i tan  Area  Regional  Planninu  rr  , i ■ 
has  orepired  regional  plans  covering  sewers  and  sewage  treatment,  storm  Tainij'  . 
and  w.-iter  suDply  and  d i str  i but  i on . The  plans  which  include  metropolitan  , 
needs  <iri  I alternatives  were  financed  partly  with  HUD  monies  and  were  omicl.  *.1 
in  I PAR  cand  1970. 

A HUD  approved  plan  for  the  Jackson  SMSA  has  b<?en  appr.;v  : 
by  the  Michiaan  Water  Resources  Conmission  and  submitted  for  EPA  approval. 

A regional  wafer  and  wastewater  management  plan  has  beer: 
prepared  for  the  Lansing  SMSA  by  the  Iri-County  Regional  Planning  r.orr  i - ior  . 

This  HUD  funded  plan  outlines  needs  and  a I ternat i ves , including  region:!  :of- 
s i dtjrations  for  Clinton,  i^aton  and  Ingham  Counties.  It  will  he  submitt,- 1 *,*• 
somf'  rUfitions  to  the  Environmental  Protection  Agency  to  lultill  th,»  l,-der  il 
rea  j i r.-fTH-nt  for  construction  grants. 

Kent  County  (i,rand  Rapids  SMSA)  has  no  HUD  or  tjr^inie-' 
'•■w“r  I in.  Ihe  county  h.3S  received  .jn  EHA  grant  for  preparafion  of  a w mte- 
wat“r  managem<'nt  pi. in.  If  is  expected  that  the  plan  will  be  compl,  teq  t y m )v 
l<;,  . ''he  p I in  will  in.  ludf'  alternatives  for  handlino  .ind  treatinj  wi'tewit..r 
) I 'e'vi  , .ire. IS  .ind  region. il  ,^pproa'■he'  t.  wastewater  m migi.wK'r,  • , 
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( d ) Summdr y 

j_.  I mp  I errujnt  i ng  Authority.  Sanitary  wastes  generated 
within  the  legal  limits  of  a cormunity  becorrke  the  responsibility  of  that 
corrriunity.  Therefore,  they  are  the  agency  involved  with  implementim  fne 
pollution  control  plan  for  saf\itary  w.istfis  within  their  jurisdiction. 

In  some  cases  the  township  or  county  nas  accepted  the 
responsibility  for  sanitary  waste  within  a cofr.unity,  as  shown  in  Table  V-12. 

They  become  responsible  for  implementing  the  plan. 

Except  where  treated  at  municipal  wastewater  treatment 
plants,  dll  industries  are  responsible  for  their  own  wastes  which  are  discharged 
to  waters  within  i ne  State.  . 

2.  Consideration  bs'  Local  Covernment.  The  In+erim  water 
Quality  Manaqement  Plan  for  the  basin  i ncorpora'^es  pollution  control  plans  d--- 
veloped  by  all  communities  and  industries  proposing  pollution  abatement  projects. 
Applications  have  been  made  for  P.L.  660  grant  funds  by  most  of  these  communities. 

The  pollution  control  plan  is  a requirement  of  A,'f  '29  of  ^he 
P.A.  of  1966,  as  amended . Such  plans  are  a pre-reauisi te  for  State  and  Federal 
construction  grants  and  must  be  approved  by  the  Water  Resources  Commission  before 
grant  applications  can  be  processed.  Act  329  further  requires  that  planning 
agencies  with  jurisdiction  in  the  area  of  the  applicant  sfia  i I have  an  opportunity 
to  review  the  official  pollution  con'I'rol  plan.  Commerts  from  these  planning 
agencies  are  submitted  with  the  app I i i at  ions . 

3.  Environmental  Assessment.  Until  such  time  when  eco- 
nomical techniques  are  developf'd  to  provide  "total  treatment”  or  to  dispose  of 
waste  safely  by  some  other  means  it  is  necessarv  to  continue  to  use  surface 
water  to  assimilate  the  major  quanties  of  wastes  within  the  basin.  '^hese  waste 
discharges  will  have  beneficial  as  well  as  adver- h effecfh'on  land,  air,  wafer 
and  other  resources. 


The  purpose  of  this  plan  has  been  to  abate  existing  p^- I I . 
tion  of  surface  waters  in  the  basins  and  improve  the  quality  of  the  wate' 

That  it  can  be  used  for  other  purposes.  In  developing  the  plan,  it  was  n^--  ■ 
sary  to  evaluate  the  effect  of  the  plan  on  the  total  environment.  The  plan 
accents  the  beneficial  effects  of  waste  treatment  and  minimizes  the  harmful 
et  fects . 

Table  V-13  identifies  the  possible  and  probable  impacts 
wtiich  different  alternatives  of  treatment  have  on  the  environment.  Stateirioni 
followed  by  an  asterick  represent  possible  adverse  env i ronmenta I effects  .^ni  ■ 
could  occur  having  an  irreversible  or  long  term  effect  on  the  environmen;. 
Proper  surveillance  of  the  construct  ion , operation  and  maintenance  of  each 
ra. ility  is  necessary  to  insure  that  such  harmful  effects  do  not  occur  or  .u 
minimi  zed . 

The  Michigan  Department  of  Public  Health  is  reviewing  >■  i i 
proposed  project  to  ensure  that  it  has  been  designed  to  take  into  account  all 
i-.pects  of  environmental  quality  protection  so  as  to  create  a minimum  adver  s< 
•-ffoct  on  the  environment  and  will  maintain  surveillance  of  the  construction, 

-p,  rition  and  maintenance  of  each  facility  in  accordance  with  requirements  -T 
. T 98,  P.A.  of  1913,  as  amended.  Coordination  within  the  Michigan  Deparfr'.on ; 
of  Public  Health  ensures  that  each  project  will  not  cause  an  air  or  solid  wasTt 
pnH 1 uf ion  prob lem. 

Each  project  is  reviewed  under  provisions  of  Act  529,  ■ 

| f*o6,  as  amended  to  ensure  that  there  are  no  known  sources  of  pollution  in  ’*• 
logical  service  area  of  the  facility  which  are  not  being  provided  servi.^  tv  i 
pruj.fct. 

No  indication  of  public  objections  to  the  plan  have  occurr’ 
due  to  environmental  issues. 

The  implementation  of  this  plan  will  have  an  overall  bemi  i 
:ial  environmental  effect  and  should  be  assisted  to  the  fullest  extent  pos'dt'H 
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5 . Estimated  Cost  to  Implement  State's 
Interim  Water  Quality  Management  Plan  for  the  Grand  River  Basin. 

In  the  period  between  1970  and  I960,  the  total 
public  investment  needed  for  additional  sewage  treatment  faci lilies  in  the 
Grand  Riv.T  cj'.in  is  estimated  to  amount  to  rcj:hly  S 1 00  million.  r-,i- 
estirato  in  I joes  million  to  convert  the  L u . i ng  sewage  troatmt  ni  pi  jr  t 
to  tortiarv  1 ’"e  i f ' onf  and  S9.5  million  To  prov  i Je  both  addifion.jl  se.ondar, 
‘‘rciitmen^  .r  . * rfi  iry  treatment  at  th*  Ca  t I msinq  sewage  trea1  rk'-rt  plan+. 

An  addition.:!  i>0  nil  lion  would  be  needed  for  ...ewage  treatment  faci  I i tits  in 
the  period  between  I960  and  I985.  The  above  ostir-ates  include  the  constnjct i on 
of  new  sewage  treatn>;nt  plants,  the  installation  of  phosphorus  removal  i‘!:lli- 
ties,  at.d  the  rehatii  I i tat  i on  and  expansion  of  existing  treatment  plants.  Not 
incUaded  in  the  estimates  are  the  cost  of  sewage  collection  systems,  com.l;  i neii 
sewer  vorflow  ,:ontrui  facilities,  and  i ndustrv-ooerated  wastewater  trr-a+mr-nf 
works.  r-o5f  items  will  require  substantial  additional  investment. 


(3)  Advanced  Waste  Treatment  Processes  as  Long-Term  Alternatives 
f r Ma i nta i n i nq  and  Enhancing  Water  Quality.* 

( a ) I ntroduction 

Recent  studies  have  shown  the  population  increase  in  the 
United  States  to  be  at  the  rate  of  1.5  percent  per  year.  At  the  same  time  the 
Gross  National  Production  is  increasing  at  the  rate  of  4 percent  per  year. 
Unfortunate  I y , our  waste  water  production  and  water  use  are  both  keeping  pace 
with  our  Gross  National  Production.  Since  our  water  supply  sources  are  the 
same  natural  water  courses  in  which  we  discharge  our  waste,  our  water  resource 
problems  are  compounding  at  a rate  close  to  6 percent. 

we  are  rapidly  approaching  the  ultimate  yield  of  our 
natural  water  resource.  Consequently,  further  consideration  should  be  given 
to  the  concept  of  reusing  treated  wastewater  as  a method  of  enhancing  our 
.;ver:ill  water  supply.  The  extent  waste  water  effluents  could  be  reused  depends 
largely  on  the  degree  of  treatment  the  waste  water  receives. 

The  water  quality  problems  and  needs  associated  with  our 
'lat ion's  natural  water  courses  have,  in  recent  years,  influenced  many  communities 
t‘  r'  >u.::hout  the  ..ountrv  to  add  advanced  treatment  processes  to  tneir  uew  a 
f'earment  facilities.  The  trend  is  continuing  at  least  at  a 6 percent  rule, 
several  communities  in  Michigan,  including  six  general  areas  in  the  Grand  River 
basin  will  likely  require  advanced  waste  treatment  prior  to  the  year  COOP.  Tw;.' 

OT  the  ureas  in  the  Grand  River  basin  will  require  advanced  waste  fre'!t",ft 
■-'ween  now  and  I960.  The  City  of  Lansing  will  require  tertiary  treat"x‘^t 
•,'cember,  1973. 

Advanced  waste  treatment  may  Le  defined  as  treu""ii'  • 
above  phosphorus  removal  and  "secondary"  or  standard  biological  Treatmu-n*  w : 
removes  at  least  90  percent  of  the  organic  constituonfs  ns  measured  by  ■" 

-.tandarj  5-day  LsOD  test.  Advanced  waste  treatment  is  ccinsidered  neces-.-ir,  w’ ■ • 
the  residual  BOD  loading  from  a secondary  treatment  will  depress  the  dissoUid 
oxygen  level  in  the  receiving  stream  below  that  specified  by  water  qualify 
standards  when  the  flow  in  the  receiving  stream  is  less  than  or  equal  +•  ■ ts. 


’The  information  discussed  here  was  taken  from  U.S.  Environmental  Profe^tion 
Agency  data  presented  at  its  "Advanced  Waste  Treatment  and  water  Reuse  ■^v'’'- 
posium"  held  in  Cleveland,  Ohio  on  30  and  3I  March  1971. 
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7-day  averjie  lo*  tlow  cxpectod  to  occa<"  once  in  10  voars. 

The  advanced  waste  treatment  processes  now  being  widely 
considered  in'-.lu'*  those  techniques  which  would  be  used  in  the  treatment  of 
municipal  wastf-witer  and  those  that  would  be  used  in  the  treatment  or  industrial 
wastes.  A number  ot  these  processes  which  may  be  used  now  or  in  the  near  future 
are  described  in  the  following  paragraphs  (cages  V-132  thru  'v'-l58)- 
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I ntroc.ict  ion 

The  rc'Mv-val  of  SLjsoendec  or  coll  Md.n  solids  from 
^on.os+ic  and  indcstrial  jstewjTor  is  of  major  impc, r’ ar'C-r  in  irrpr'ovina  the 
qualitv  o‘  the  Aator.  -.-ice'nco  of  its  importance  is  Tne  jt  v'arlety  of 
methods  and  devices  «hich  t jve  been  developed  for  tn i s Tisk.  The  various 
netnod;  may  pe  considered  in  ’■wo  carts;  the  physical  asceors  w.icn  relate 
to  the  C'd'jip"'ent  and  mo  pnvsicnl  me-rhods  of  sol  i Js- 1 i nc i j separation,  an 
The  chemical  aspects  w . i involve  chefi.ical  mod  i f i ca^  ic'n  s *;  faciliTaTo  or' 
improve  me  separaticn  of  solids.  The  principal  unir  processes  employed 
•or  sviids  removal  whim  inc'ade  ‘-he  more  widely  ased  crcac-ssc-r  and  some 
'n.-wer  te'shniaues  are:  sod  i n'ent -t  Ion , (?)  flototlor,  (?)  filtration, 

mi  croscr.’on  i rig  , ccaau  I at  icn- ' I occu  i ation  , and  m i see  1 I anecas  processes 
-.■lion  iriclode:  moving  oed  filter,  a 1 1 ra  f i 1 1 nat  ion , magnetic  separation, 

■altrascnic  flocculation,  etc. 

2.  Physical  Processes 
a.  Sod i went  3 •: on 

The  time- honored  method  -or  seneration  of  solids  involves 
^edimenta-^ier,  by  gravity.  In  the  conven Iona  I horiscntal  flo.-.  sedimenta*  i an 
Jhr;,  deter  ‘ I cn  periods  of  2 to  4 hours  are  used  to  enoo'i.-  suspended  partlci_a 
to  settle  Dv  gravity.  It  is  the  simolest  or  the  processes  to  remove  sol  Its, 
and  it  is  nl'jC'  the  least  e'ficien-.  Colloidal  pamicles  settle  or  such  a 
a tew  r ife  too*-  they  are  not  affectively  removed,  beme  deor-T-  of  shor*- 
c i . cu  i t i • -always  occurs  leading  tc  lesser  detention  timer  f r portions  o: 
tne  r I .nv . oeoouse  of  the  i ne*  f i : ienci  es  o-  this  process  tony  artem.pts  nave 
been  ma'.r.  r .>  improve  on  the  ueporotion,  arlll  jsirtg  nravity  as  the  driving  tore 

One  such  improveme''t  is  the  tube  settler  deveiopoo  in 
this  country  and  the  Lamella  separator  develcpod  in  Sweden.  Poth  procesaos 
ach  ieve -separ-otion  by  causing  the  particles  to  se*t|._  only  inc^..^  r3-‘n,.-  ■►har, 
The  sever.;l  j-  in  the  conveh+ieral  s--tt|.a.  This  is  accomp  I i ,nod  m 

cen  due*"  i ng  ‘ne  wastewater  upward  thru  inclinrnj  fjbrs  or  plates:  ‘ 
nov-‘  toward  ‘he  lower  end  nf  the.  tubes  while  tse  waf^r  passes  nu‘ 
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The  tube  settler  n^is  bee.i  rather  widely  us-d  for  soparatior,  of  Moc  i r, 
chemicillv  t-»otod  river  water.  It  is  also  findir.g  applicatior  for  ' ' 
of  solid,  frcr-,  cher-ii  villv  treit?d  wastewater.  There  is  su'fieu:r.t 
*o  indicate  th  !*■  this  device  do^;s  separ  ite  particles,  bet  ipjJ' 
evidence  is  .at  h -.rd  to  conclude  that  the  incrcas:’  cani-..l  inv-s---- 
convention  1 1 sed i rant jt i on  alone  is  warrarted. 
b . F I otat  i or. 

Another  process  wh  i ch  sep.ar.3‘es  parTic'cs  bv  tri.-' 
flotation,  -ooar.atioh  is  achieved  bv  anachment  of  air  bubble.,  w-- 
effectively  reduces  ‘hr  specific  ^jravitv  of  +ne  particles  to  I ^ ' t m 
Qt  water.  rio*3tion  has  fourd  ipplicati  a ror  s I ar i f i cat i on  of  i 
industrlTl  .--es.  ■.-.■.ovr-.  the  process  is  I I fie  used- s'-  the  rf 


■,  .■.ovr-",  the  process  is  lit*le  used- a r the  pr 

for  clarif:-:or,.:-  domestic  wastewater.  its  widest  app  li  c.it  i cn  In  w, 

-„r  sludge  thicKcni-;  ■periticns.  .viin  adai'rr 
devri  pwen‘.  .it  ‘f^atien  m =y  fi-,  wid-r  .-=ppl  i r.ar  i on  to  raw  .-wao. 

‘ollcwind  M',.-.cjla‘i  ov  chemical  atdi*ives. 

Air  flotation  has  srne  attractive  potential  iS.- 

over  sedimentation:  D a more  positive  cen^rot  over  the  seoarafior,  - : 

controlling  process  variables  .u-h  as  air/solids  raf.^  or  chomi..al  .ddi  f ' 
2)  a lower  initial  o.pital  cost  owin.:  to  higher  separation  rates  and  ■'  f 
detention  tires;  5)  reduction  of  septicifv  and  .associated  odors  ’ 

aeration  of  feed  and  shorter  detention  fmes;  45  arnater  sludac  densfv 
allowing  use  a'  smaller  equipment  for  dewatering;  and  "a)  multiple  ,-e 
single  treatment  unit  for  removal  of  heaw  ant,  suspended  soli  1-  ^ . '■ 

or  grccase.  These  advantanes  are  gaineii  with  the  tol  lowing  disf  .nn-  ■:  : 

I)  higher  operation  costs,  and  2)  grodteroperation.il  skill  iu  renu.r-a. 
process  clnirlv  nee.ds  additional  research  to  define  in  more  de'a.l 

advant  iges  and  d i sadvar.ta.jes . 

c.  Fi 1 1 rat  ion 

Whenever  a high  deereo  of  clarification  is  requiret, 
in-, depth  filtration  after  cher.ical  treatment  r.  <he  prace  • of  rhoic,-. 
sand  filtr:.t;on  h is  (.em  praefimd  for  decodes  by  wif-n  tre,rnen'  ,1  . • 

only  recen.l/  f r w ...  • -w  1 1 or  ip,  I i - ion  . i n th  i c prcce  ,n  . ‘n-  w ‘ ■ . - • ■ 
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passes  through  a bed  of  granular  media  which  captures  the  particles  within 
the  filter,  .v'hen  the  capacity  to  .tore  particles  is  reached,  the  filter  is 
restored  by  backwash i ny . In  an  ideal  filter  for  down'Iow  operation,  the 
media  is  uniformly  graded  from  coarse  to  fine  from  top  to  bottom.  The  usual 
sand  filter  does  not  meet  this  ideal  requirement,  hence  mixtures  of  media 
have  been  employed  to  approach  the  ideal  filter.  The  most  common  is  a two 
component  filter  of  coal  on  top  of  sand.  A tri-media  filter  contains  coal, 
sand  ind  garnet. 

One  of  the  difficulties  with  filters  is  that  the  apper 
layers  of  the  bed  become  clogged  with  solids  well  before  storage  capacity 
is  reached  in  the  remainder  of  the  filter.  Several  approaches  have  t'oe" 
taken  to  overccn'e  this  problem.  The  filter  can  be  operated  upflcw  in  which 
c-f  .f  the  flow  proceeds  from  coarse  to  fine  media  approaching  the  ideal. 

■ jme  filters  have  been  designed  to  introduce  the  feed  into  t-ne  middle  of 
*•'  filter  with  flow  in  two  directions. 

One  of  the  more  promising  techniques  developed  oy 
J.‘  . *t,nvillo  is  Jescriped  as  a moving  bed  filter.  The  object  is  to 

r.  '[■■A  the  sand  bed  surface  either  continuously  or  intermittently  to  avoid 
- i^fa -!_■  plup.oing.  This  process  has  teen  tested  at  pilot  scale  and  a full 
■v:!l.'  installation  is  being  made  in  Manville,  New  Jersey.  Yet  another 
li'pr-  ,ich  has  been  proposed  by  the  Research  Triangle  Institute  in  which  a 
' i gr  A-;-idht  media  floats  to  ^orm  a packed  bed.  Wastewater  is  filtered  upHi.'w. 
As  the  media  becomes  cloqged,  if  is  removed  from  the  bed,  washed,  and  then 
r.’ i n f r.  ■h-ced  wi-*h  the  wastewater.  The  concept  is  sound  but  feasibility 
rpm  - . to  be  tested. 

d . Microscreen i no 

Mi croscreen i nj  involves  straining  of  wastewater  through 
a woven  mefal  fabric  having  openings  ranging  upwards  from  23  microns.  The 
reen  is  continuously  cleaned  bv  pressure  sprays.  Only  larger  suspended 
parfiilos  ire  r*'moved  since  straining  is  limited  to  particle  si/es  greater 
than  fh.;  m.'ti  .Ize.  Tn.->-,e  devices  have  thus  far-  found  -^helr  greatest 
application  in  treatment  of  river  waters.  More  recently,  application  +o 
removal  of  suspended  solids  from  secondary  effluents  has  been  tested. 
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rfric3',-'s  Hjnnver  fro.^TTrer.  t Pla-'t  har^-  sjcri'’':s‘'j  1 1 operaieij  a "It  *rj  ■• 
to  rojJCf  -lice!  50l  i ’Ji  in  •'('Con  ;jr  .•  o^’lijari'  :c  i ‘ o i _ 

oDOut  one-Palf  of  tno  T’.jivjojl  ’JOb  jeoonbjrv  tfflut.nt  la  otiri;  : • 
the  sjsneried  solids  content,  removal  c*  ’he  solids  eftpcts  a redj  :t i 'n  >' 
the  BOn  as  wall  as  suspended  solids. 

5.  rhe'’iical  Processes  (N'etal  an.,  I ants ) 

The  colloidal  cor-ponent , of  .vas’CAater  c.annct  Po 
any  of  tiie  ph/'.i.:i!  . r jcesscs  dt-  criped  ;p.  v-  . i.  reoeve  the  ■ .1  . . 

particles  r'pjs  t be  oaiulired  and  flocrji;To-:  ’ iroer  side  De’sro  .’v  ^ a 
rnethods  Cdn  t'e  e'fc'tive.  In  convent  ior. a I econri  jrv  rea'''T.(?n  t the  . i ' 
arc  floccsljtr;  r- / ,,rc  ic  rolv'crs  prodj:i.  J.'inp  -”'c  biclooicai  • ' ’ 

Coaoul:*'  • ,n  ; ri--  ^1  ' | .p  .pp  jlsohc  ict:  i cvc  t bv  rhe"ic3l  addlr  .en. 

Chemi  jI  c^aaalatic'i  one  f Ic^ccu  I at  ion,  ^ere  fir^*  p''.  r ■ 

some  thirty  ve.ars  ad-  cat  .-jere  nrv'  r widely  er;  loyed.  Today,  cho"  i c.a  I 
‘|-cc;jljfi  • id  ■ n-i  ;l  Mr^t  it^.r  i ^ sh  i : - I - . hc"  i Ca  I 

The  a-.e  c’  ■-•'.■''i.  -1  •.id'*iy-:-s  h vf  ^ja  ■ •’■a  ; impetus  from  the  need  to  v- 

phosr^  • r -m  ,v  . ’ ’c^.  'll  "ctal  coaguijnts  now  being  used  ‘ r pn.';  ' ■ 

rerntp/ai  3l  ...  - i i c I ar  i f 1 c :t  ion  . 

A -wlple  .'p’d-fy  of  mot..!l  coagulants  are  suitable  ’ 1 

fication  ('ll  pi,  .-'ite  '■•movan.  These  include:  alu"'inum  salts,  ach 

as  aljrri'',i-  „lr  and  sctiarri  aluminate;  iron  s.alts,  such  as  ferric  or 
ferrou;  chloride  ..r  ,ul  f pto;  pickling  liquor  which  is  an  i ron-ccnt,3  i n i n 3 
waste  stream  •rom  the  steel  industry;  and  I ime.  .■ifiion  one  of  the  St.ver  ;l 
coagulants  to  use.  in  any  specific  instance  cannot  be  predicted  betorehar  .1 . 
All  mn  + ai  coagulants  .are  effective  and  the  choice  of  one  from  the  many  ha' 
to  bo  made  ‘or  any  applicition.  The  choice  for  -any  particular  app  I i c r*  i 'n 
is  gtncrallv  batted  on  relative  tosaqo,  the  cost  of  the  c..agul.ar.t  arc  t'"e 
chemical  comDos;*-i'n  of  the  was*'*:'water . It  is  well  to  remempor  lha*  to 
obtain  c I .It  i f i cat  i on  and  phosphate  ryrovai  in  .•.astewater  will  ’■eauir.p 
substanti.i!  doe  ^...s  .tasul.anf  which  in  turn  will  produce  chem.icat  . I ..tao 
» ich  must  find  disp-tsal.  The  range  of  dosaoes  for  iron  or  aluminum  saMs 
range  ' gg  • 30:  -j/i  ^.hile  *or  lime  the  r.anpe  is  klO  to  bOO  mp./l  ,.r  ’•■are. 
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Ip  anditiop  to  being  the  first  step  in  Dh  ye  i cj  I - .Tie-n  i c i I 
reatmtrii,  chemical  c I ir  i r ic  3T  ion  may  ridv'e  some  ottier  benefits  in  solids 
r.-p«v3i  in  the  nrimar.  pHcr  to  biological  treatment.  This  concept  is  beinn 
tested  at  Grand  Raoits,  -ichi  ::n.  full  scale,  hem.,  of  the  advantage. 
ma . . ,,i,tge  ♦T'.im  tils  jtl:  .ro.jse-J  air  recji:  i roment  in  acti-/ated  slucoe 

rcjul  in.i  from  -"ne  ir,cr-.  i-^ed  solids  capture  in  the  pr,mny,  le.<  ci--i.ji:- 
fo-filter  sludge  from  the  '.ocord.rv  while  producing  -^ore  bu-  filferab!..:-  soli  ;■ 
in  the  primary.  And,  of  course,  phosphates  will  be  romevet.  One  of  the 
jdvuntagoo  of  lime  is  that  tne  sludge  can  be  calcined  to  recover  reus-.-ab  I -j 
line.  Thi.  has  been  demenstratet  at  Tahoe  for  lime  r..ed  in  se-.nda-y  etfluo- 

and  will  be  applied  tc  lirr,o  sl.dse  tpom  raw  sewage  rrecipiMtion  ur  Por>y 
Rivc-n,  Ohio. 

One  of  the  interesting  deve  I o:  -•  recent  years 

been  the  synthesis  of  a wide  variety  of  orqanic  polv.  r^.  Mse  of  craanic 
polymers  or  po  I vo  I ectro  I y f e^  as  sole  co,:ulan--.  r ....  fho  inergani 

coagulants  has  added  a new  dimension  to  cl  ar  i f i -at  1 .■■ . ,'ery  icw  ocsaqes 
of  polymer  may  improve  efficiency  or  solids  re-aval,  per-i>  reduction  at 
inorginir  coajjlant  JaCcj;;eu  jnj  i nr -ea' e ?e*rlin.’  r^t.^  -■  ,r 

operation  of  existim  . juipment  it  ni  :n.e  f | ^w  r^es.  ^’esages  ran  ;o  fr 
fractions  of  a mg/ 1 fo  several  m/l.  th,s.  ,ontr,at  to  inorganic  coaquI.-M-, 
sludge  volume  is  not  in:r,  .sed.  Bui  oraaric  polymers  are  ref  a total  pana-:. 
Tney  Jc  net  remove  Dhcrphiie:,  t-.y  are  :ll  expensive  an.;  --dr  behaviur 
anv  particular  applicafion  is  anpr.  Met, tie.  The  plant  .rperator  is  f ,ce.i 
with  selecting  a single  poly-er  from  the  llterMlv  huuoretv  available  and 
-ven  then  he  cannot  be  :u:c  - M t, ! . ch  i c:  dll  be  effective  all  of  tre 
• Iff.  - Iv"..jr  cl  irificjticr:  ni  r.sw  sewage  h js  b«on  fri.-c  at  Cleveland's 
Fasti.-rly  P|  ini-  and  at  t-rand  Rapids. 

i see  I I gneous  t'roccsses 

A number  of  other  processes  for  solids  separation  are 
In  varying  stages  of  devefepment.  One  of  these  is  u I f ra t i I trat ion  which  is 
a process  aH n to  reverse  osmosis  except  that  inorganic  minerals  are  not 
removed.  The  process  involv.-  ipplication  of  wastewater  under  pressure  to 
a pear  auu  mem,Pran.-.  i he  pr  ..;-.u  Cannot  compete  econumlcil  ly  with  ..thor  SO!  J Is 
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removal  procossea  tor  treatmeit  of  large  voliJmes  of  wastewater,  f’u’' 
there  are  special  appi  ications  for  smsll  volu"''C  filtration  where  uifr-^- 
filtration  may  have  application.  For  example  thickening  of  organic  sludoes 
or  powdered  carbon  sledge  has  been  investigated. 

Another  membrane  process,  called  "cross-flow"  filtration 
may  be  asefal  for  solids  separation.  In  this  process  a membrane  is  formed 
on  a support  and  sclids  separation  is  obtained  under  pressures  of  30-50  psi 
5.  Assessment  for  the  F'j+ij  rc 

Research  of  the  last  decade  has  provided  the  consul  tine 
engineer  with  an  arsenal  of  processes  for  removal  of  solids.  This  development 
comes  at  a time  when,  more  than  ever,  better  and  cheaper  wavs  of  solids 
removal  are  rv^nired.  ‘Phosphate  prec  i p i f at  i on , improved  clarification 
raw  or  secondar-.  e‘fiuen-^,  and  higher  Quality  effluents  for  tertian/  processes 
have  increased  fhe  need  for  separation  processes  which  are  mere  effec+ive 
and  soph  i sti  catod  fhan  the  simple  qr.avity  sedimentation  now  so  widely  used. 

Of  the  processes  discussed  here,  media  filtration, 
m i ernstra i n i n 3 ana  chemical  coaoulatinn  and  flocculation  are  the  processes 
which  are  now  belno  used.  The  other  processes  will  be  applied  as  this 

technology  is  improved.  i 

(c)  Removal  nf  ^rnanlcs 

I . I ntroduc^  i on  ■ 

Vost  liqui  1 wastes,  both  domestic  and  Industrial,  contain 
a complement  o*  organics  which  must  be  removed  or  altered  before  discharge.  !: 

The  classical  approach  and  the  method  new  most  widely  used  has  been  biolcgi-  ' 

cal  oxidation.  Oecades  of  nesenrch  have  produced  a great  variety  of  prcc^ssc":  , j 

all  dependent  on  biolooical  activi-fy,  to  consume  organics  for  energy  and  ‘or  'I 

cell  protoplasm.  Biological  oxidation  has  limi+ations.  some  organics  arc  ''o-‘  j 

degradeable,  toxic  materials  mu‘t  be  avoided  and  low  tempenatures  slow  oioiooi  1 

activity.  Recoonition  of  these  limitations  plus  the  need  to  produce  i ncreas 1 rp | . i 

higher  qualify  effluents  for  discharge  or  for  reuse,  led  the  Advanced  '.■Jastes  i 

Treatment  Research  Laboratory  in  Cincinnati,  Ohio  to  search  for  alternatives 
to  biological  f'-e  if  merit. 

i 
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Several  processes  for  rer.ioval  of  organics  from  boffi 
domestic  and  industrial  <^aste  streams  are  in  varying  stages  of  development, 
ttese  are:  (I)  Granular  activated  carbon,  (2)  powdered  activated  carbon, 

^ adsorbent  resins  and  (4)  oxidation  processes. 

2 . Granular  Activated  Carbon 

Activated  carbon  is  an  adsoroent  medium  character i zed  bv 
an  extensive  system  of  internal  pores  which  provide  it  with  a very  large 
surface  area  per  unit  of  weight.  This  large  area  plus  the  variety  of 
functional  groups  (acidic,  basic,  oxygenated,  etc.)  attached  to  the  surfdce 
give  activated  carbon  a significant  adsorptive  capacity  for  most  dissolved 
organics  in  wastewater.  The  caroon,  when  exhausted,  can  be  reused  after 
regeneration  by  heating  to  high  temperature  ( ca  I 700°F) . 

The  method  of  application  is  primarily  determined  by 
trie  particle  size  ot  the  carbon  to  be  used.  Granular  carbon,  in  the  mesh 
size  range  from  3 x 30  to  40  x 60 , is  generally  contacted  with  the  waste- 
water  in  a fixed  or  fluidized  bed  of  carbon.  Originally,  carbon  adsorption 
was  considered  as  a tertiary  treatment  to  suopiement  biological  processes^ 
to  produce  a high  quality  produce  of  reuseable  quality.  More  recently, 
the  main  thrust  of  research  nas  shifted  from  the  treatment  of  biological 
secondary  effluent  to  treatment  of  clarified  raw  sewage.  Success  in  the 
latter  effort  will  provide  the  sanitary  engineer  an  alternative  to  biological 
t reatment . 


One  of  the  first  large-scale  applicaticns  of  granular 
carbon  to  wastewater  treatment  was  the  Soutli  Tahoe  Wastewater  Reclamation 
Flunt.  This  7.5  mgd  granular  acti/ated  carbon  plant  treats  secondary  effluent 
after  clarification  by  lime  and  mixed  media  filters.  The  carbon  effectivelv 
reduces  an  influent  BOD  from  5-20  mg/|  to  2-5  mg/ I ; COD  from  20-30  mg/I  to 
2-10  mg/I;  and  color  from  20-50  to  less  than  5 units.  The  average  dosage  of 
carbon  to  uccomplish  this  treatment  has  been  300  Ib/million  gallons  of  treated 
wastewater.  Large-scale  Studies  have  substantially  confirmed  the  results 
obtained  at  Tahoe.  Carbon  dosage,  however,  was  found  to  average  about  550 
Ibs/miilion  gallons.  Hero,  too,  effluent  quality  has  been  good.  Total  COD 
was  -reduced  from  47  mg/ I fo  0.5  mq/|;  color  from  30  units  wq  5 units. 


V-138 


These  two  I ijrio-sco I •>  st-.iie;-  plus  tjcncf,  i n . 1 ; j- ; _r~, 
firmly  established  that  activated  carbon  ca’'  produce  effluents  « i rn  low 
organic  contents  anj  at  a cost  tnat  is  reasonable.  To  make  tne  process 
economic  It  was  recoq'' i ced  very  early  ‘■hat  multiple  use  of  the  carbon,  in 
contrast  to  t‘^e  single  use  practiced  in  'reaTmont,  was  'lecessan,' . 

Current  regonerjt  ion  techniques  using  temp^'-r.^t  arcs  o‘  ' 600- 1 plus  stea"" 

have  beer  ab  I "o  '"ecover  9r.-'tri,  of  carfic'.  Some  losses,  both  phvjical 
and  chemical,  jp  cccur  turinn  r£.  ponerat  i n . ‘'‘■tempts  to  regenerate  cc'-'^r 
in  situe  with  Chemical  o'/ciaants  or  caustic  washes  have  not  been  success‘ul. 

The  manner  in  whict,  t'-e  carbon  is  contacted  w i ■^‘-,  the 
w'33t-'.vater  hq;  been  ■^ne  out  ,*  pore,  i ).j--jble  inves  t ! cat  ion . ‘‘‘ne  waste- 

water  can  be  ur'icw  or  t^.'.n'' low ; the  carton  can  be  Static  or  'ncvec  contin- 
ucusly  or  in  slugs;  or  3 fluidized  bed  can  be  used.  In  most  of  these 
app  I i cat  i :.ns  pressure  has  been  used  to  maintain  ‘lows.  Simple  gravity 
‘low  contactors  (using  lower  f!-.v  rates)  *’3ve  been  ^ugcestec  as  econ.-mic. 

••I  cent  estimates  ~v  uw  i r de  I I -Press  I or  show  that  th^  gravity  flow  system  is 
less  expensive  in  spite  ot  tne  s.m.;l  l.qr  ‘low  r j-e.  Flew  rates  in  pressure 

■>  w^ 

systems  have  ranv.J  ‘S-|0  epm/ft"*  while  cruvity  flow  will  range  2-d  gpm/‘f. 
ihe  cost  studies  indicate  tnat  ’c^^ivated  carbon  can  produce  acod  quality 
e‘ fluents  from  secondarv  e“luen'-s  at  a reasonable  cost. 

A more  recent  concept  in  the  use  o‘  activated  carbon 
is  replacement  of  ‘■he  bicloqical  'Secondarv  treatment  process  in  conventional 
treatment.  The  process  sequence  censists  o‘  chemical  clarl ‘ icaticn  of  raw 
sewage  by  either  organic  ■r  I.jccjI  arts  or  by  metal  coaquiarits,  when  phosphate 
removal  is  desired,  ‘ollcwed  by  .::<rbon  adsorption.  To  date,  technical 
feasibility  ‘'as  been  demon ; t-ated  only  at  small  scale,  but  ‘ull-scale 
application  will  be  demons tr  1 ted  within  the  next  two  years. 

Some  impressive  i n‘''rmat  ion  has  3I  ready  been  jeveloped 
on  this  process  whips  could  •■.pi^oe  biol'jica*  treatment  by  1 purely  bhvsical- 
chemic.al  process.  utudieh  of  *-he  ‘reatment  sequent-’  (c  I ari  ‘ i ca  f ion-carbon) 
has  shown  ‘•ho  fsll.'w'ng  -■■>mov.alu  arc  sPt  a i n,ip  I n when  cent  ict  time  wit'  the 
carbon  is  minut.,ai;  s^sppr,*,ag  sc  I i ) ‘T?;  PTD  an  J "OD  A|T.  .v'‘ien  metal 

COdTulants  ■>no  u'-'d  ''r  rse  cl3^‘*'  i'isn  'u  ‘ p , ,-.h  esph r.^mo.jls  in  excess 
jf  97/  ^ 1'  hi'  ;P  ■;  j i n. 


Pilot  scale  investigations  at  the  Lebanon  Pilot  olanT  of 
the  Advanced  Waste  Treatment  Research  Laboratory  have  shown  that  lime  clarifi- 
cation followed  by  carbon  adsorption  of  primary  effluent  can  consistently 
produce  an  effluent  equal  or  better  in  qualify  than  secondary  -biological 
treatment.  Over  five  million  gallons  of  primary  effluent  were  processed  to 
produce  an  average  effluent  product  containing  10  mg/ I TOC  and  300  with  a 
range  of  2-25  mg/I.  Phosphate  removals  were  consistently  90t  or  better. 

Some  advantages  that  can  be  cited  for  a phys  i ca  I -choi^  i - ; ' 
(P-C)  process  are:  (I)  Substantially  less  land  would  be  required.  '2) 

Capital  costs  for  conventional  plants  may  be  30-d0t  nreater  than  that  for 
( the  P-C  Diant,  and  (5)  P-C  process  should  be  less  influenced  by  shock  I o.t  . , 

i low  temperature  and  by  substances  which  would  oe  toxic  to  a biological 

system,  (4)  The  plant  should  be  easy  to  ooera+e  and  could  be  read! I v 
; adjusted  to  produce  a ranqino  Quality  of  effluent  as  desired;  Oder  tn.rl  " 

should  be  minimal,  and  (6)  Significantly,  much  less  sludge  will  need  to 

ibe  handled.  For  exarr.ple,  a conventional  10  mgd  activated  sludge  plants  will 
produce  about  150,000  gpd  of  sludge,  about  70'?  of  wn  i ch , or  105,000  qrd,  1- 
4 ‘ i^condary  sludge.  The  '"'-C  plant  could  very  well  reduce  the  volume  to  ai- 

I on*:— nj|f  of  the  total,  depending  on  the  flocculanf  used,  and’ this  sludse 

should  be  readily  filterable. 

A major  disadvantage  of  the  P-C  process  is  that  ammonia 
nitrogen  will  be  unaffected.  Substantial  reductions  of  organic  nitrogen  -Mr' 

' b*'  expected  through  solids  removal  both  by  the  c I ar  i f i cat  ion  step  a-s  wel  I 

as  by  the  filtering  function  of  the  carbon  beds. 

The  plan*'  which  will  probably  be  the  first  to  dcme  • 

The  P-C  process  sequence  is  located  at  Rocky  River,  '.‘t,  jo.  While  trie  ori-;i'  -i 
j orocess  '‘nvisions  polymer  ‘ I occu  I at  i on  , pr>osphaTe  removal  and  c I or  i t i cat  i . *i 

is  being  studied  t._;r  possible  use.  The  carbon  adsorption  plant  will  cons.  * 

t) 

of  eight  pressure  contactors,  25  feet  high  (15  leet  of  carbon  bed)  anc  le 
J feet  in  diameter,  and  will  process  a peak  flow  of  20  mgd  (nominal  ticw  o* 

il  10  mgd).  Flow  rate  will  bn  4.5  gpm/*f  with  a beax  rate  ot  B.t'  gpm/ff  . 

I Carbon  will  bn  thermally  ’egennrafed  at  an  anticipated  rate  of  500-50C 

J I ^,-/ day/m  1 1 I i on  qali:rr:.  Loss  on  regener  jf  ion  is  ex.nncfed  to  be  no  more 

I than  5?.  Effluent  quality  objectives  are  15  mg/|  BOO  and  !0  mq/l  suspe- T d 

1 solids,  but  actual  qualify  m_>v  excectt  "hose. 
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• I : rr,  i ri^.rv  studies  h iv«  s ,>■  ■;‘ip  v at*- ' c.t' 

be  effoctiveiv  ^.larififej  (and  phospTiate  prec:  i D I ta  i ed ) Py  ferric  cblorid'.. 
Initial  plans  C;I ! for  clari f leaf  ion,  rouoti'q  sand  filters  and  oravlty-<lr« 
carton  " *"r^'"a-Qp^  ^ i vtter  wl  1 I be  IS  f'=^rt  de^n , containinq  P • ^0  ""rsn 

carbon  ;•  cola-"  'r-ornted  In  norailol  t ’-'r/tf-  . 

Status  S'jn,rr„arv 

Tnr-  technical  ‘ aaii  ' 'v  'f  adsorrtiw"  f or  :-"ios  t', 
activj'*'-'  * n t-en  aoII  ostabii  <■  ..  •••  oopr  r i .nr  o'  ona.,.'.  ; 

qranulan  'ar‘  " ; an  Se  cc>nsidered  ’'O  he  p’^r  ; ‘ i 3 1 . It  reriains  ‘or  *’  ■, 
two  - •.  piimts  discus.-'  ; ' /■  ~ :'cvide  cperationai  jn 

cost  ir^fc"-  *■  !•  . ’f  j-'  .--  i ccmarable  to  cor./en*  ionji 

bicloaical  npcon.dTrv  for  .'roparat  le  •■‘•'•'iLient  o-jn'itv,  then  increasing 

nunbers  of  ■‘n-*  ■'.  n|an'‘s  will  be  unrf.  -t'cli  ill'/  ’ ‘he  ef'fluent  Qual.^v, 
t d p sr'3 1 1 .n ' ! . n i j i rp'np.r  ts  , ■*"h  e * "ee  .do^  • r~  - r ■To'^'Ic  influences,  "The  lac*- 

of  odor  nu  i Sanr.'.3  in  3r-'>.as  of  popj  I ->f  i or. , arc  .crae  of  the  reasons  «’w  f -C 
n I onts  will  find  i nceas  i no  1:.  • , 

3.  ^ow-'Icr-'' i •' pt  i V yho.f  '*rbrr, 

i'owdered  carPon  ".iS  j-av- ■ I f i ' to  a rival  o*  granular 
carbon.  its  finer  oraip  sice  incro.3ses  the  Kinetics  of  adsorptiO"  such  ‘‘hat 
'50?  of  its  cdsorpition  mui  I i‘'ri  uo  is  altulnoc  in  i^ss  than  10  oinutes. 
Powdered  carPen  is  dosed  in  si  airy  'orn,  afcor  which  it  is  separated  by 
sed  i nentat  i on  ‘.allowino  oolvoer  f I occu  I jtion.  pither  retheds  of  sep.uration 
are  bein',  i nvest  i rated . '"•ewdered  carbon  has  fh''’  advantage  ove"  gnunulj’'  i " 


that  its 

cost  is  Jbou* 

1 /3 

as  areat. 

'In  it  cost 

and  the  oossibili'fv  to 

control 

the  dosaro  ipp 

1 i r-d 

a re  w . * 

‘•he  adv.jr‘ 

ace  , ■eve'  ■;r.anul  ar. 

P-'w  ) 

ered 

carbon  oan 

h ^ ? rh 

! to  oi-pp,-.-  pri'^arv  i”' 

secondarv  effluent  an.;  i-  being  testo,-j  on  b.nth  fee.t-.  In  contrast  to 
oranular  car.'.'.n  ropenorat  ion , recoverv  of  spo'^'t  nowtered  oarhon  hU'T 
acco'^p  I i ahpd  on  I ■,  in  n ill  prototvpo  fnm'ces.  Liner  scale  re  aen-'T  a t i -n 
wl  I I have  to  po  dono  b«f'iro  L ••  pow-iored  c.in^  'in  p-or^iss  is  a pra-f  irai 
a!tcrn'>tiv?  ta  nrpul  .■  '.arbc'.. 
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4.  Other  Methods  tor  Onanic  Rewuval 


At  the  present  titr.e,  powdered  o'l.;  granular  corpon  pro^i 
the  reagents  of  choice  tor  remcva  I of  organics.  Other  f:,ethods , however, 
are  being  investigated  as  alternatives  to  carpon  or  ^or  specializ.?d  up;ii- 
cations.  Adsorbent  synernetic  resins  are  availaDle  and  ne.ver  ones  are  cei'''^ 
developed  which  have  the  ability  to  sorD  organics  wi'no^r  any  substanti  ; I 
inorganic  exchange  capacity.  At  this  point  of  deve  I orrion^ , sorbent  resit'-. 
are  not  likely  to  replace  carpon  but  the  search  for  Defter  ones  is 
cont i nu i ng . 

A variety  of  chemical  oxidation  have  been 

investigated  such  as  ch  I or  i no  catalyzed  by  ultraviol  t I I ,;n  ‘ , "'etjl  . .■ 

photo-oxidation,  and  ozone.  Of  those,  onlv  ozone  appc.- !rs  to  be  oror-'.l  / i no . 
Technical  feasibilitv  was  established  in  the  laboratcrv  tv  '•irco,  Inc.,  wn'  • 
is  currently  constructing  a 50,030  gpd  plant  to  estapli  -h  _.r  .n,  faaui:.,  ' • 

Bcause  of  the  cost  of  ozone  irselt  and  tne  r !tt.;r  large  dose-.,  up  tc  130 

mg/I,  required  for  oxidaficn,  application  is  likel,  t - Pe  limi:-jj  ‘ ■ 

of  low  organic  content  'eeds,  such  as  carbon  efflj-i-r  which  need  *^rr:;._a 

organic  reduction.  A valuaule  benefit  cf  ozonation  is  its  d i s i ri  f >;c  “ i - r. 
the  waste  stream. 

( d ) Removal  pt  Minerals 
I . I ntroducf i 'n 

During  domestic  and  most  i r'.d..str ! a I use':  o'  w :t.,  ■ 
there  is  added  an  increment  of  dissolved  inorganic  minerals  which  mu.'  ;■ 
removed  if  wafer  quality  is  ‘c  be  "ontained.  If  rccv.'le  t-wa*  ' .-i' 

be  practiced  in  the  future,  then  almost  surely  methscs  wiT'  .t  renuir'  t 
to  remove  inorganic  salts.  Soluble  inorganics  are  . ven  new  a s i qn  i ♦ i jr' • 
problem  for  many  municipalities.  For  exampl.  , a recent  sur.  . nas  shc'.-.v 
that  of  the  20,215  municipal  water  supplies  in  ‘hi'  50  stales  an  i h>  prcvihco: 
in  the  United  States  and  Canada,  1056  had  raw  water  supplies  witn  -a  total 
dissolved  solids  (TDS)  of  1000-3030  mg/l;  there  wi're  an  addi*'or.jl  'I  -•  jppli'.' 
that  had  a TDS  of  300-10,000  mg/l.  The  rl  iuq  alinity  of  me-,  w iter  su;:'li. 
and  the  increasing  cost  of  developing  rn.jtivf  sources  of  better  quiIiW 
make  it  difficult  or  uneconomic  in  many  l.,.aficns  to  meet  the  ' ub  I i 

Health  Service  recommended  limit  of  500  ma/l  TDS  for  potcblc  * Her.  Vu?  o 
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factors  justify  ttc  suDcorr  for  research  to  C'  .■■'cp  inerg. ;r.ic  rr'-u-.  ■'  ; - 

Several  processes  are  cur  rent ly  being  invosTiuuteC  ‘or 
reducing  tbe  'ninoral  content  of  municiDul  a as  t a+(,'r  +0  an  acceptoL.  if-  I 1 . 
These  include:  ( if  icn  exchange,  (b)  rev'-rcf  o':"iosis,  (cj  d ist  i I I af  I , 

(d)  e I GctroJ  i I i (e)  freezing  and  (•')  ‘■^Icctr  i ca  I f reat'^-  n‘ . • 

processes  are  in  yarying  stages  of  de'/e I cc^- * r ■'  '■nl'.'  ■^fie  fir""  f ^ ' 

are  curro,-.:lv  heinu  given  serious  cons  i ]•---!*  icn  ■.  crjcfical  • ■ 

derii  nera  I i zj-'-  i .n  . 

All  dem  i nera  I i zat  i ,-'r  prcc-"’ . •>?  producx'  a brine  .•■:ur':r. 
The  dispos.al  this  brine  represents  a rajor  •t;..-,nl,,al  prof  I in  ■■  r 

rnent  of  demi  nera '' zaf  ion  technolocv.  I”  ccacf  ;l  ireac  if  ^ay  fe  - i!  I •:  " 
discharge  brines  to  the  ocean.  Solar  evaperatic"  in  line.:  lagoons  . 
employed  where  climatic  conditions  are  favor.able.  However,  inland  aroai 
with  limited  potential  'or  solar  evapcra"-'^n  i M '•■■cuir.-  -r-.o  s. i - 

more  sophisticated  techniaues  for  brine  disoo3.!l. 

2 . Ion  Exchange 

Ion  oxchanperc  are  materials  ro-.*;;irim  ionn  t:  .;r  . -r 
be  replaced  by  oth^r  ions  'non  so  I u*  icn.  The  rep  I '"c.aolr  lo"  "irri-  ;v 
the  exchanger  is  known  as  ttie  counter  ion.  Carriers  of  excnar.qe.-b  I e cation 
are  called  cation  exchangers,  and  carriers  of  exchangeable  anions,  an icn 
exchangers.  Once  all  the  counter  ions  are  replaced  the  exchanger  is  ex- 
hausted and  must  be  restored  by  regeneration  w i *-h  a solution  conTaininp  tne 
original  counter  ion. 

Ion  exchange  will  almost  certainly  be  an  economic 
process  for  dem  i nera  I i za  f i or  of  wistewater,  if  the  "'in«nl  so' ids  lo  nsf 
exceed  1000-1500  mg/I  . This  development  derives  ■f'rom.  tne  cermet  c i a I 
availability  of  new  anion  rosins  which  have  I)  high  selectivity  for  chlori 
ion,  2)  require  loss  regenerant  and  rinse  water,  yielding  a mere  favorafie 
ratio  of  product  to  teed.  Put  most  important  has  been  the  discovery  that 
these  anion  resins  do  not  become  "fouled"  by  organics  - the  sincle  most 
import. inf  deterrent  to  ion  exchange  with  +he  older  res  i ris . Up  fo  50-;i>0?  .:  t 
the  COD  is  removed  from  secondary  effluent  with  no  detectable  loss  of  exchange' 
capacity.  The  COD  is  eluted  with  the  regenerant. 
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:h  the  Advanced  Waite  1 1 eat'T.ent  Research 
L it'oratory  has  conrimoa  Iriat  COD  is  removed  and  tnat  fouling  does  not 
‘ . .r.  'uJit^  jf  fl.  ■ -I)  i’ilot  Plant  facility  JemonsirateJ  ■"'a'  an 

■-■•’fluont  containini  i'  ■, I '',g/l  of  IDS  can  be  producea  ■'rom  a feed  of 
about  dOO  "’g/ i IDS.  fti'-  bulk  of  tne  residual  TDS  .vas  silica  Ah  i ch  is  not 
ru'frioved  by  3 weak  anion  resin.  In  practice,  the  product  of  ion  cxctian-. 
will  be  blended  with  good  gualitv,  but  not  demineralized,  effluent  tc  pr  . 
a product  with,  say  iOO-tOO  mg/ I TDS. 

Stjjiuu  conducted  by  other  research  and  developmarT 
teams  on  the  romo  1 1 of  n.inerals  from  wastewater  inaicate  ttiat:  (I)  Iht. 

[•I'sal  i'rocess  is  fir  .upe-nicr  to  coriven  t i ona  I ion  excfiange  and  makes 
■-•jt  lier  estimates  o*'  c;  -f  at  of  date;  (2)  Up  to  65%  of  the  organic  r.atte 
is  removed  and  is  guar  t i tat  i vel  v elufed  from  the  resin,  and  (3)  After  an.- 
year's  operation  no  cnanoo  coult  be  observed  on  the  physical  or  chemical 
properties  of  the  resin. 

_3.  Reverse  Osmosis 

fWiverue  osmosis  is  a memprarie  process  in  which  water 
is  torced  t _•  flow  from  a solution  ot  high  salts  ccncentrat  i on  to  one  or 
lowur  concent  r it  ion . In  natural  osmosis,  v'.ater  fl:.-.'s  in  the  opposite 
direction.  Pressures  of  (''OO-cOO  ps  i are  required  to  CDtain  this  rever.il 
'if  flow.  The  earl  i os*'  applications  of  reverse  osmosis  were  in  the  rields 
ut  uMeaiical  purifi:  at  ion  and  brackish  water  desalination.  The  discr,-.  r, 

'f  the  c-'l  I ul  a. ••tele  membrane  was,  perhaps,  the  single  biggest  idv  jn 
in  the  application  of  reverse  osmosis  to  desa I I nat ion . 

’■tembranos  ar'e  iefined  as  imperfocr  barriers  w'li  •. 
"retain"  or  "reject"  m.  lucale-  of  a certain  minimum  size  'in  1 will  "pi  " 
smaller  molecules.  The  merrrb rane-.'.  can  be  tailored  to  almoit  any  dr’ir.-' 
of  porosity.  Several  types  of  materials  have  been  identified  as  havin': 
menbr-ane  forming  prep^arties  suitable  for  reverse  osmosis.  Research  is 
continuing  on  development  of  more  useful  membranes. 

Cellulose  acetate  raembranen  Jevelop^vd  for  bracki-t: 
water  desalination  are  r^U  alivel^  tigfit  (i.e.  low  water  per-"ieab  i I i t v ) ’ 

cari  ■r.->  ioct  Over  ’)>•  of  "cst  miner  ■!  species.  The  wrer  flux  throuan  '•'hi.- ■ 
r’iorrb ranes  is  very  low  ( 10  jjl/diy/tf^)  and  are  'ct  ".•enom.ic  *or  w:  r.  .. 
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demi  nerd  I i .!dt  i on  . Moreovui  , in  treotlnj  «djK:/.ater,  ;i.e  rrenordnes  beC' "'o 
"fouled"  by  di'isolved  and  colloidal  orqanic  Tiaterial  loading  to  drastic 
reduction  in  -flux.  Those  problems  havn  led  iho  rnv ! ronmcnta  I Protection 
Agency  to  a membrane  Je/elopment  program  pointed  'necifically  toward  waste- 
water t'"catment.  ’-lost  of  +ho  effort  to  date  has  been  in  new  mernbranc  dove- 
lopmont  and  in  morhras  to  control  flux  durline.  The  most  attractive  membr.; 
apoear  to  be  rr.ooified  c llulose  acetate  types.  furren+  judgment  is  f^af 
optimum  m,em,brane  will  rc  jct  bO-TS',?'  of  fhe  inorganics  and  hOT  cf  fhe  organi 
with  t I jxes  of  bO-lOP  gfd.  At  the  same  time  substantial  effort  is  being 
directed  toward  alleviating  the  fouling  problem.  Essentially  two  approach’- 
are  being  tjken:  (a)  prevention  of  fouling  by  pretrea+ment  orocedures  or 

by  changes  in  the  hvdraulics  of  the  system  and  (b)  cleaning  methods  once 
the  mnmbr--ine  has  ‘’j '.om.e  ^ouled.  A promising  method  ^or  the  latter  is 
periodic  rinsing  of  the  membrane  surface  with  an  enr-.'^-e  solutirn. 

In  addition  to  membranes  an  extremely  important  aspect 
of  reverse  osmesis  is  the  hardware.  Current  mcaulcs  are  of  several  typos 
and  configurations:  (a)  tubular,  (t)  -spiral  wound  jnd  (c)  hollow  fiber. 

Each  of  these  configurations  has  its  advu-nfages  js  a-cI  i us  disadvantage:, 
and  at  this  point  in  development  nc  single  choice  can  be  made.  All  are  bei 
investigated  concurrently.  A recent  projection  cf  the  economics  of  the 
reverse  osmosis  process  by  Kaiser  Engineers  compared  the  conf igurat icn  as 
fol lows : 


Tubular 

Spiral  wound 

Hoi  tow  f iber  (nylon) 

Hollow  fiber  (CA) 


ft  miemb rare 

product  iv 

ft  equipment 

gpo  'cf 

70 

32 

640 

250 

32 

8000 

5400 

1 

5400 

2500 

10 

25000 

From  this  comparison,  it  would  seem  that  the  ho!  lov.  'iter  configurations  a’ 
superior  but  in  practice  hydraulic  inadequacies  m iv  be  a sitIous  tr  iwbact . 
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Another  approach  lo  reverse  osrnosis  has  been  en*'itle: 
"dynamical  ly  formed"  mernsranes.  In  this  deve  I cp"'ien+ , the  membrone  is  *c~' 
either  from  the  constituents  of  the  «astewater  or  fr^m  ^mai I additions  w 
a variety  of  additives.  Tiie  advantage  of  these  hcm.emaae  meniDranes  is  fh, 
they  can  be  destroyed  and  ro-fonned  ^Ji^enever  the  m.ar’u- ar.e  becc.'res  t a. 
This  ^ork  is  still  in  the  eatly  stages  of  developmet-i  . 

Reverse  osmosis  has  enormous  potential  for  * jste.. 
treatment.  Theoret  i ca  I I y , it  is  conceivable  tnat  mc_  t components  o*  vi  ; - 

water  can  be  removed  to  a high  degree  in  a single  uni*  process.  TvpiC;! 
removals  that  have  been  obttiincd  gpg  shown  in  the  tollcv.ing  table: 


Typical  Removals  from  Secor^dary  E-ffiuent 
(CA  merTibrane,  450  rsi,  3 gtd) 
i rejection 


Tota  1 

Oraenic  Carbon 

(T€)  03 

Pnosph  ate 

■94 

Tota  I 

Dissolved  Soil. 

ts  (TDS)  93 

N i trate 

55 

Turb i d i ty 

99+ 

Ammon i a 

85 

A 1 k d ini ty 
Ch 1 ori de 

90 

80-85 

Organic  nitrogen 

5C 

The  practical  achievement  of  rhe  above  theoret  icaf  cspacMi'v  . 

The  solution  of  some  serious  problems,  a'-ong  .-.‘'icn  are:  merr.pr_:.--  -.cli’ 

membrane  cost,  crearer  (and  therefore  economic)  flu.^tn,  ^:nj  r-;  sjc"  ■ - 
..iperafing  costs.  Becaa^e  ot  the  potential  o*  ‘"I's  br  :.;.ess,  •'esL  jt  ■ 
o*  tue  problems  is  being  pursued  vigorously. 

4 . Distill  at  ion 

Distillaficn  is  '’■tw  the  mos+  cc'-’-cn  I v braCTi..’; 

Tor  obtjInirQ  fresh  water  *^rom  v.ea  wafer.  Today  there  ;r-!  ’T  ".1111 
per  dav  of  plants  in  operation  or  under  construction  in  varl’us  per-r 
world,  and  this  capacity  is  being  expanded  rapid  v.  -•£  .•ver-yone  k-cw^  . 
distilled  water  is  a common  synonyr'  for  pure  wa'er,  ticnco  if  is  n: 
that  distillation  is  being  considered  *or  wastewater  treatment  an:  rvr 1 . 
•■a'  distillation  of  wistr-wjter  is  substant  i a I I v jiftcr-n'  fpor-  *il'  ■ 
V!  water.  Preliminary  studies  riave  revoa'ed  * n at 

’Ml  at,  (predubf)  will  heve  to  be  practiced  *o  rer:K)ve  /b  I «*il-  ; c • 

risn  like!,  that  the  solids  and  organics  in  wa^T iter  ..ill  : 

■ • - nj^  proDlems.  All  of  These  aspects  are  beim  pursued. 
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5.  E lectrodi o lysis 

Another  r.jrio  pro'CjS  for  domi  ricra  I i z at  i c n is 

e I ectrod  i a I ys  I b , *t  Li^  , in  contrast  to  reverc!.-  at",  ris  which  uses  rr''3'bure  a-, 
the  driving  force  to  separate  water  t r 0"  r-, ;|  rho  energy  in  this  c ;'0 
is  electrical.  A direct  electric  volte;  c.-'p  I • '-‘T  across  a coll  containing 
mineralized  ..■sror  will  ca ase  the  ci“*ion  , ;r  itc  "■  'ho  neoative  electrode 

and  the  anions  to  the  n,-  ,itivo  elect  ret,.  !•  caticn  .ir  d anion  per"'f  .b  I ■' 

membranes  a''e  inserted  between  tr.e  e I Ci_t  t - >!•  _ , in'-'  "anoral  ions  can  be 

separated  frerr  the  water.  Characteri  s t i c 1 1 I , -i  -:0-  ■ f ttic  dissol/od 

salts  can  tie  removed  in  a single  paSj  ' con  1:1  e I o;  t rot  i a I vs  i s Stack. 

The  technical  feasibilit.'  of  c I ec.t  rod  i a I vsi  s ‘'os 
been  demons t frated  heth  for  brackic'  w iter  de  . 1 1 i n a *■  i ■' in.d  .-.'astowater 
demi nera I i za ' ion . But,  as  with  reverse  osmosis,  membrane  fouling  by  waste- 
watcf  solid  and  rg.iriics  nas  tcterrid  br.!:*i  il  aop  I 1 ...  a*  i on . Tne  ; recess 
is  being  investigated  at  both  the  Lebanon,  Ohio  and  Pamona,  California  pilot 
plants.  Emprasi*^  - f +he  research  is  on  controlling  the  --embrane  foul  in;  by 
intensive  treatment  of  the  feed  and  by  enz,me  flushing  of  the  membrare 
sarfaces.  The  process  could  be  economically  attractive  once  the  fculi'.g 
prot'lems  car  be  solved: 

( e)  Porno va I of  Phospnoras 
I . I ntroduct ion 

Phosphoru-.  is  cen  iderod  bv  manv  i nveyt  1 g itor  j 
to  be  thv-  key  nutrient  in  breaking  the  eutrophication  eyrie,  howevtr,  cen- 
vontion!'  second  TV  plants  are  not  ••‘icient  in  phosphorus  remova  I . Pho-phoru.- 
enters  a plant  in  the  hi.ahest  .;>xidc-  I m pw . ujt , no  c.-"'mcn  biolcci.-jl  sycte'-s 
reduce  phosphorus;  therefore,  i+  ..^rn-' ; '■  ( ibnr.jt' t in  -a  gaseous  form  a'' 

nitrogen,  esrsen,  and  ^ulfur  are.  •''■m.'.val  bv  biolni-jl  ''eins,  then,  is 
limited  to  cell  metitolic  nee  ts  and  .vh -i' .-.ver  > v es  pt  ,nh  ,r;js  c -n  po 
encouraged  to  be  taken  bv  ant  stor.'i  : ,■  col  In.  ih  ; cu.mtit/  stc'-'J 
above  the  I-  reguirel  for  maximum  .vth  as  ; > 1 ' . I i-  lfi.'>d  <as  "l.•Jry 
uptake. " 
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A ft  ,v  I'ijnTs  h.jv->  r-'[ort'v--)  ef<'ici'?nt  phosphorus  uptoko 
on  d sustained  basis,  if'olj.iinu  the  ban  Antoriio  Pillinq  Plant  and  the 
Bdifiri'.ore,  Maryland  PKint.  Thctse  'fSults  cannot  pe  readily  duplicated 
other  plants  by  manipulation  of  operating  condiii  ns.  na/e  not  learr.i;,' 

enough  about  the  phenomenon  to  take  advantage  of  it.  Tfio  r.amcval  of 
phosphorus  by  biologic.il  aynrfitasis  end  "luxury  uptake"  is  not  a control  lanle 
process  at  this  tire. 

If  wo  are  fo  reliaPly  remove  phospnorus  trom  ftastowa'-ta 
on  a sustained  pa_,ia,  -lu-t  rnc'Cse  tfic  chemical  or  the  dht 'm  cj  I -b  i ol  c ; i a I 
metfiods.  Strict  chemical  metho.d-;  precipitate  phtspnarjs  either  in  the  ; ' i"  ; 
settler  or  in  a tertiary  cl  ^r'‘i-.r.  fho  chemi  c .' I -p  ic  1 oa  i v.  a I metnod  enplovs 
direct  chemical  dosinj  f •.  tne  aerator  of  an  3sriv-;-'J  alud';-?  iil;;r  + . The 
chemi ca I I v-bound  precipitated  rho.phorus  is  removed  wi*n  +ne  sludge  and  i. 
not  resolubilized  during  s I u Jqo  disposal  unl-esb  the  pH  is  substant  ia  I I . 
lowered.  Effluent  phosphorus  c""..scnfrat  I'.'ns  o'  I ’’.d/’l  as  P can  be  reuular 
achieved  if  the  preci p i tat iori  is  accomplished  in  the  primary  or  secondary 
portions  of  the  plant.  'tertiary  lime  c I ar  i i c j r i on  f II  .-.••d  by  fil'ratl.," 
will  lower  the  concen tr at i on  to  loss  than  O.b 

2.  Biolooical  Ptiosrhcrus  P(".'v;l 

The  literature  indicates  mat  several  f ap'ors  exert  an 

influence  on  biological  phosphorus  removal.  The  rate  of  aeroiion  ano  rhe 

aeration  time  have  been  indicated  by  most  i nve  ‘ i :.a  • ar'-,  a:  ‘-e  i":po'"7  : 

criteria,  the  rate  cf  air  supply  pr.abably  being  f'e  ".■■r.  •;•^.al  cf  the 

two.  Aeration  rates  in  the  order  e'  5 to  7 cfm/cal  and  Jet  .-rion  fimos  . r 
4 to  6 k^-jrs  appear  to  t'O  dosiribl*-. 

There  i • zjr-e  di  s jgrsem..--,  i in  the  I i t..-r  a -uro  with  r 
to  optimum  concenft  ifion  j f '"ix-'j  I i auor  ^uspendoJ  I i Is  (MLSS).  Aporrirri 
increased  uptake  has  been  attein-sd  .jt  befn  i .x  and  high  ’••Lf  -fcrrr  500  m-./l 

up  to  4300  mg/I.  At  the  Can  Antonio,  '!•  xj-,  rr*.  atme'nt  plants,  the  or>*  i” 

appeared  to  be  1000  mq/l  or  slightly  higher.  It  was  also  found  trut 

the  maximum  ovor,all  ph'sph'rj:  r.-'^.vol  occurr.ad  r'  .'rpini.  I’'.:i-  of 
to  55  pounds  of  BOD/Jay / IOC’  pounds,  s*  under  aeration. 
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It  also  appears  ossontial  from  The  literature  - 

dissolved  oxvgen  (DO)  level  cf  at  least  2 nig/|  should  be  maintained  i r.  the 
last  half  of  the  aeration  tank  to  insure  that  phosphorus  will  not  be  released 
in  the  secondary  ctari'if’r.  If  is  possible  that  a still  higher  [XJ  level  of 
5 to  b mg/I  may  be  advantageous  to  maintain  a minimum  DO  concentration  of 
l.b  mg/l  in  the  sludge  until  it  is  through  the  secondary  clarifier.  ‘ t,  "us 

leakjge  or  resolubilization  v;ill  occur  in  the  secondary  clarifier  when  the 
sludge  ccnsumes  available  dissolved  oxygon.  It  has  been  suggested  that  solid: 
detention  time  in  ‘inal  clarifiers  should  bo  less  than  30  minutes. 

These  key  design  criteria  and  ooerational  Darameiors  have 
not  been  sufficiently  isolated  and  identified  to  effectively  predict  and 
implement  controlled  nhosphorus  removal  bv  the  solely  metabolic  mechanism. 

As  more  data  have  been  collected,  an  alternative  chemical  explanation  has 
been  advanced.  Simply  stated  this  theory  indica+es,  especially  in  hal'd 

water  areas,  that  phosphorus  can  be  precipitated  within  the  biological  ♦loc 
as  calcium  phosphate  at  the  end  of  the  aeration  period,  where  carbon  dioxicp.' 
is  scrubbed  from  the  water  by  aeration  and  a supstanfial  increase  in  p-' 
occurs,  this  amount  of  precipitated  calcium  phosphate  and  the  prec  i p i f a+ > '•n 
of  additional  phosphorus  by  traces  of  Iron,  aluminum,  and  magnesium  normally 
present  in  wastewater  would  produce  an  efficient  overall  removal. 

The  calcium  phosphate  theory  has  peen  tested  at  several 
treatment  plants  with  erratic  results.  Operating  a segment  of  the  Hype-ri.  n, 
California  Plant  according  to  the  guidelines  outlined  bv  the  theory  has 
greatly  increased  the  efficiency  of  phosphorus  removal.  At  Baltimore, 

'Maryland  where  efficient  phesphorus  removal  occurs  routinely,  ohservations 
show  no  maior  increase  in  pl|  during  operation.  Studies  at  Texas  City,  T-xac 
whore  attempts  wore  made  to  deliberately  force  calcium  phosphate  prod  pi  * it  ion 
by  the  addition  of  200  mg/l  of  lime  to  the  aerator  have  not  shown  efficient 
remov  > I . 

3 . Phosphorus  Removal  bv  Mineral  Addit ion  to  the  Primary 
or  Secondary 

Mineral  addition  is  out  of  the  research  stage  and  into 
the  application  staqe.  Field  experience  on  full-scale  and  large  demonst rat i an 
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pilot  plants  shows  that  ferrous,  ferric,  and  aluminum  salts  can  be  equally 
effective  as  phosphorus  precipitants  in  wastewater.  Plants  can  accomplish 
to  yO  percent  phosphorus  removal  with  a minor  investment  in  capital 
equipment  for  chemical  storage  tanks,  chemical  pumps,  and  control  equipmeni 


For  trickling  filter  plants,  the  cfiemical  qrec  i p i tat  ion 
stu'uld  he  accomplished  in  the  erimary  tank.  Direct  dosing  of  chemicals  to 
fne  trickling  filter  fias  not  proven  highly  effective.  A smial  I dose  of 
palymer  is  needed  to  flocculate  and  settle  the  phosphorus  which  is  insol;-Ui 
lizcJ  by  the  mineral  ado  it  ion.  SuDsequent’  passage  throuqn  the  trickling 
filler  to  satisfy  metabolic  needs  serves  as  a polishing  step.  Dow  Ct'.emicai 
has  conducted  several  studies  of  iron-polvmer  precipitation  in  the  pri'^a'^v 
:t  ’’id I and.  Lake  Odessa,  Oray'ing,  and  Benton  Harbor,  ’’iohigan. 

Fnv i ronmenta I Protection  Agency  sponsored  projects  include  Grand  Rapids, 
■■■i..hiqan  (4b  mgq)  and  Richardson,  Texas  (1.5  mgd)  . 

With  an  activated  sludge  plant,  it  makes  very  little 
•d  i f f c;renco  wnere  the  point  of  addition  of  the  metal  ion  is.  E'^ficient 
'■-movals  nave  been  obtained  when  dosing  raw  wastewater  before  primary  setf  I 
jtti:-r  prill, ary  settling,  in  The  aeration  tank,  or  near  the  mixed  liquor  exit 
I jin:.  Physical  constraints  of  a particular  plant  mav  fuvor  one  point  c' 
addition  over  anotner.  However,  the  key  factor  in  this  approach.is  that  no 
niaitcr  wtiere  tne  metal  ion  i nso!  ub  i I i zes  the  phospnorus,  the  overall  plant 
• •’fi.k-ncy  is  dependent  upon  trie  jP  i I i ty  of  tne  b In- 1 i ca  I floe  to  colie.' 
'h-.,' .*j  dispersed  preck' i f .att's  and  remove  them  from  the  final  pl.ant  efflu-.nt. 
F’olymor  addition  in  the  primary  is  not  necessary  tor  an  activated  sludge 
plant  as  the  naturally  occurring  polymeric  materials  in  the  mixed  liquor 
will  serve  tne  same  purpose. 

. Dosages  ot  1.5  to  2.0,  on  a molar  basis,  of  metal  ion  to 

phO;  phorud  can  produce  effluents  with  a residual  fatal  phc;phorjs  of  ' 
milligram  per  liter  or  less  consistent  Iv  on  full-scale  app  I i : at  ran . 
id  true  with  other  parameters  such  as  BOD,  COD,  and  suspended  dolids,  if  - 
very  low  residuals  are  desired,  filtration  of  fhe  effluent  would  be 
required.  If  commercial  aluminum  and  iron  minerals  ,are  used,  the  chemical 
rjsf  will  verv  from  ?-5^/l000  gallpns,  depending  on  the  phosphorus  con- 
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cent  rat  ion  and  the  c‘'.e"'iical  einciloyeJ.  If  waste  pi^^-le  liquor  is  avail  I 
for  the  cost  of  trucking  only,  the  chemical  cos*  mav  he  within  : sultnl !• 
r.inne . 

Th(-  mineral  addifion  process  can  ne  super i '"nosed  on  t'.- 
:'.rc*-  sludge  bioloniril  denitrification  nrocc’S'  fo  i.*'ieve  ef-'icieni 
ni+r'  ;•  ■ . ca’"'.  ' , and  '■•useanded  solids  rc-'n.  vils  in  one  in*'eeru‘  : ■ 

see  len;  (•  I this  process,  the  reco'rmc'  te  r,  '''•.icr  pci'^f  • 'ni"-  ■ -I 

adJitior,  is  to  the  high-'"ate  unit  with  a small  reli''*  dose  to  the  drr  i • : ■ • ' - 
c it  ion  unit  to  precipitate  residual  phospnorus. 

4 . Lim^  fVec  i i tat  ion  q<  Qho.-nn.nr'js 

Dor  r-0 1 i vor  ' s Phospnafe  CAfriciion  Precess  is  “ ■ 

only  commercially  advertised  lime  prec  i d i tat  i on  nmce  ,s  *or  use  in  ttie  prin.rv. 

In  *‘'i",  nroc-'S' , 'I  smlid"  contact  tyne  rpictcr-ci  ire  - .j^ed  i ^ ‘ : 

a " .'.r ‘ i ■ -n  j I pri'^arv  ■.■ttler.  Clarifier  underfliv/  solids  are  r e -.s  '■  s • 
the  ■'■^wiae  to  mainfiin  o00-2,000  mg/l  of  susnend<^d  soli  v !■  'east  ■ . 

th.  otijtcfivo  of  the  Pf'  process  is  to  achieve  nOf.  shor r‘iorus  r,-^rvii  i" 
Dfimiry,  lep-^ndinq  on  t*.e  subsequent  activritea  sludge  stec  fo  increa  . '.P 
removal  to  90«.  or  greater.  ^urrentlv,  lime  nrecioif  af  ion  is  also  tei'''i 
considered  as  *he  first  step  in  a chem  i ca  I -ohys  i ca  I ‘re-.ifmenf  ecu. ■'rice  f*r 
raw  wastewater  that  does  not  include  a biological  uni*.  Eubsoquen*  unit  ■' 
the  sequence  include  lime  recoverv , filtration,  carbon  adsorption  and  pcusibl. 
ammonia  strioping. 

, ( f ) Removal  of  Mitrccen 

I . Introducf ion 

Municipal  wastewaters  have  nitrcaen  content--,  in  -rh.' 
lb-?''  ma/l  range  in  untreated  and  primary  settled  wastes;  th.  r,i‘r.oqor  i 
ti'.ided  between  omnic  compounds,  which  are  mostly  insolut  I-  , ind  ''■'•aria. 

In  sen'  '-a  I , we  _an  .iepend  .in  conventional  bioiccical  proccvjes  ‘o  tr.:'s  r ■' 
ilmo'.t  all  nitrogenous  components  in  wastewater  into  'immon  i a and  b iol -.ci  ...i  i 
I . Or 'e  this  has  been  accomp  I i shed , we  can  design  sv.'"ir  to  r - v ■ 
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.irnmonia  by  a 1 r-strl  pp  I nq . Ammonia  stripping  at  high  pM  in  cooling  towers 
following  lime  treatmont  is  effective  but  cannot  be  used  during  freezing 
'wt,'uthcr  and  may  suffer  from  serious  scale  problems. 

Under  favorable  conditions,  Diclogical  rrocesses  may 
also  oxidize  ammonia  to  nitrates  by  a two-step  sequence  called  nitrification. 
It  would  be  beneficial  if  waste  treatment  plants  were  required  to  produce 
nitrified  effluent.  Ammonia  nitrogen  in  effluents  has  several  undesirable 
features:  (I)  Ammonia  consumes  dissolved  oxygen  in  tne  recei/ing  water,  (2) 

Ammonia  reacts  with  chlorine  to  form  chloramines  which  are  less  effective 
Ji  s i n f ectants  than  free  chlorine;  (’3)  Arrmonia  is  toxic  to  fish  life,  (d) 
Arirnonia  is  corrosive  to  copper  fittings,  and  (5)  Ammonia  increases  the  chi  or  in 
dom.jnd  at  waterworks  downstream. 

A nitrified  effluent,  free  of  substantial  concentrations 
of  amrrion  i a , of  f ers  several  advantages:  (I)  Nitrates  .-.ill  prov  i de  oxygen 
to  sludge  beds  and  prevent  the  formation  ot  septic  odors,  (2)  Nitrified 
o'Mucnts  are  more  effectively  and  efficiently  disinfected  by  chlorine 
treatmynf,  and  (3)  A nitrified  effluent  contains  less  soluble  organic  matter 
than  the  same  effluent  before  nitrification. 

A nitrified  etfluent  is  tar  preferable  to  one  containing 
substantial  ammonia.  However,  ammonia  and  nitrate  are  i n terchangeab I e 
nitrogenous  nutrients  for  green  plants  and  alcao,  as  well  as  bacteria.  If 
the  nitrate  level  is  tco  high  and  is  helping  to  stimulate  undesirable  aquatic 
growrhs,  the  effluent  can  be  further  treated  by  biological  action  to  convert 
the  nitrates  to  nitrogen  gas.  This  proe'ess  is  culled  denitrification.  iho 
be'-t  developed  method  at  tnis  time  tor  control  of  nitrogen  compounds  is 
biological  oxidation  to  nitrates  followed  by  deni tr i t i cat  ion  with  the  aid 
of  methane  I . 

Selective  ion  exchange  of  ammonia  with  lime  regeneration 
may  be  practical  but  the  process  is  still  in  the  pilot  stage.  Several 
other  processes  are  being  studied  including  selective  ion  exchange  of  nitrate 
and  chlorination  of  ammonia  to  liberate  nitrogen  gtj. 
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?.  ' 1 i t rr  Rc-mo^'al  ‘^y  ■'  ' :'■  ^ . -ror  J‘"'d  ''■r'.'A''’  

'iuc^-’SS  in  providin.j  a h i c'  •■•'*Icicn;y  for  nitrr  : ■ ■ •• 

by  biological  d«n i tr i f i cat  ion  reau i res  that  the  biological  transtorTijt Icn 
of  anmonia  nitrogen  to  nitrate  nitrogen  be  under  good  process  con+rol.  f , 
reduced  nitronen  coxc-nund-.  intrcducef  i n*o  the  den  i t""  i f i ca*  i on  stmr.  .-.•ill 
pass  through  the  process  unaifs-red  and  ixpair  c/erall  nitrogen  rexov  il 
e^  f i ciency . 

Comelox  factors  ire  involved  'n  xj;  i n t a i n i nn  ' is  ' n 

with  a conven  f i on.i  I ai  * i /ated  sludae  SYStc”  . If  ^ i f:  i f i cat  i .n  occjm  r 'll, 

it  may  be  due  only  to  an  unintentional  iccijen'  : ' design.  f*"  ree  -I  ; !t  -' 
variation  of  the  activated  sludge  process,  Jevel  'ipet  at  th-'  Robert  a. 

'water  Research  Center'  jp  Cincinnati,  Otrio  oreatlv  xipipiirje^  t>-,n  proc’"  ..  co-''‘rol 
problems  associated  with  ralntnining  nitrification. 

The  three  sludge  system  allows  management  of  the  uODaraf-- 
biological  transformations  which  are  necessary  f.'r-  _ucces5ful  denifrifi.at  n. 
The  three  sludge  systems  are  staged  in  seauc-n':’,  with  *' I 'w  pass  ins  f r sr.- 
stage  to  the  next.  Ttr-a  first  sta.go  is  a high-r'afe  s'jdgo  systrm,  *he 

second  stage  a ni  tri  ‘ ioation  sludge  system,  and  •'he  third  a denirriri."  .lies 

sludge  system.  The  high-r-pte  system  handles  tne  bulk  of  the  cirPona.- 
removal  and  at  this  station  the  waste  activated  sludge  is  remov-nd.  Ttv.s, 
the  n i tr i f i c ’t i on  stage  receives  a prodomi nant I y ammonia  nitrogen  feu t 
and  an  enriched  culture  develops  because  each  sludge  system  has  its  wn 
sludge  recycle.  This  process  design  also  has  other  desirable  f-^at.jro*'. 
high  rate  systerr  protects  subseguent  nitrification  stages  from  toxic  ,|  . 

Since  this  is  a staged  system  there  can  be  no  direct  short  circuitii-;  - 
materials  f ror^  the  influent  to  the  effluent.  T-'mporature  effects  o'-  'h- 
enriched  culture  of  the  nitrification  st  jge  are  not  as  extreme  is  wiM,  i 
single  sluda*.'  system  which  cont.iins  only  a marginal  population  of  n-t.'lfyi’.: 
organisms. 

Once  cont'-:'i|  I ed  p I tr  i f i c.it  ion  has  been  -'stibli  '■  I,  <h,. 
biological  denitrification  proc._.s  car  bo  optim.iyet.  I'.e  n i t r- i t i ■' t i>*  M ..-t! 

• flows  to  a sl-'w'y  stirre.t  iruuTobii  reaciot  wh-  •-  x,;-thy|  i|  thrl  ■ ; t 

in  proportion  t .a  the  nilcatc-  nitre-sj-n  :oncen  t r -j  t i cn  . The  cn-jni'm  in  ‘h! 
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sijge  u‘.c  oxygon  ccnponer,-^  ot  The  nitrate  radical  to  oxidize  the 
. r.;.ir.ic  carnon  of  methyl  alcohol.  The  end  products  o*  tnis  metabolism 
.••I-  c I ’O’.'  ri*  .1 1 in-jrt  fi'toaon  j i-  and  caraon  dioxide,  v.hicn  are  liberated 
' t’le  atmosphere. 

The  stage  approach  to  nitrification  has  been  investicateC 
ill  ftork  at  the  Robert  A.  T :’t  Rcsearcfi  Center’  (N  and  in  large  pilot  plant 
.'.'eritions  at  the  'Jniversily  r.'otro  Dame  (?)  ana  TjnaiSa;,  ','irginia  (3). 

Ii.e  process  has  aisc  Peun  eyaluaied  on  a I mqd  scale  at  H^sel  '^rest,  I'linci.  . 

A su'iimjrion  ot  tnese  uiuJie.  sne.v  that  Piological  den  i tr  i f i cat  iori  is  a 
. , n fro  I I ab I e process  if  tne  reaction  is  forced  with  an  organic  supplement, 

.;o.  "lettiyl  alcohol.  '.tal  hitrooer  in  an  effluent  can  bo  reliably  recuced 
t o aCou  t 2 mg/ I . 

3.  Nifronen  h, -lov  •!  • ro"i  l•■.v  i' .v  bv  o'olumn  Reactors 

Columnar  nitrate  reduction  ct;pr(L.^.3nts  a second  alternative 
'o  the  uuuDendeJ  nrowft'i  s , ; • ■ ■ .5  a "■■ins  of  L i ochemi  ca  I I y reducing  The 
nitrate  iort  ' > eC,.me:itil  nii'-oae".  In  a pacKed  column,  tne  cell  residence 
ti"-a  o1  the  surtace  bound  slime  is  much  greater  f.jn  rtie  hydraulic  detention 
• . Ihis,  ccr-'tiried  with  a large  _cn+act  . jr-dce  and  short  diffusion  dis- 

tarn;-'-.  .I’t^raeu  o / sm-ill  '"cti;  . j.:h  as  sarsd , prcviJe^.,  uri  efficient  system 
'ur  rapid  den i t r i f i ca r i cn  of  an  applied  teed. 

Work  at  the  Lehanon,  /’■.  io  Plant  has  Shown  that  the 
smaller  modi  r sysfe'rts  (sand  to  3/4  i ncn  Jiamerer  sroneJ  are  erfective  wtien 
cpt-rufe:  t-.vnflow  at  surf.aco  leading  rafes  of  '\J  gp'!,.-'ff  and  at  actual  con- 
tact lir■■■,  hO  to  30  niinut'-.s.  Dailv  Pat  k.-.  asn  i n ; is  regu  i re^J  to  relieve 

Citcj.jre  jrop  d j t the  acc  jm  ; I a f i jr,  or  ’s  u . .■r.di.' t sc  I i ds  in  the  upper  perrion 
of  thtr  ;;.  l rmn.  Ihe  denitrifying  jli";e  is  I I i s I v .rtTactied  to  the  media 
.jr'ac^i,  and  is  not  removed  durino  tfie  I tekwash  operation.  Greater  than 
qn  percent  nitrate  reduc+icn  can  be  achieved  within  tfrese  columns  at  cent  ret 
’irtiet>  of  lO  minutes  far  san’d  and  30  minutes  tor  tf-e  3/4  i ncn  jTone.  The 
effluent  n:r't;lly  contains  less  than  2.0  mg/I  of  nitrate  nitrogen  with 
■ ■tfluent  rurhidities  less  thin  3 Jackson  Turbilitv  /ni-^"  (JTU),  indicating  li++l-, 
c'll  . .'on  tr  i but  ion  from  the  jttqche  t or;ani'"PC. 
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Lurger  mod  id  varying  in  5 i ^'e  froii  I inch  to  ? inch 
aggroqate  have  been  successfully  employed  to  denitrify  agriculture  suD- 
-lurface  drainage  at  Firebaugh,  California.  The  larger 

media  r'e''mits  u.nflow  operation  without  backwashing  at  the  expense  of  I'.no-  r 
contjcf  times  '.nci  increased  effluent  suspended  soli  is.  Nitrate  redact  ic’ 
of  groafc'r  fh-i',  "'0  percont  were  achieved  in  ccntasT  times  of  1 hour  'or 
th-  ' in'-h  ac;-':::e  .;nd  2 hours  for  the  2 Incn  .i.raregate  at  tempo  r.  v u''-'- , 

O 

above  I-  C.  The  2 inch  columns  have  been  operated  continuously  for-  -'ver 
>ix  rnorrths  an  ;r-.r  i ._u  I turc  subsurface  drainage  without  the  loss  of  ef  ■ i . I .■ 
..r  soli  i:-  accumu  I at  i on  . 

As  with  suspended  qrowtn  denitrification,  methyl  is 
used  as  the  supplemental  organic  carbon  source  of  choice  for  colurnnar 
den i tri f icdt ion  because  of  its  low  cost,  b ioaegruudb i I i ty  and  ease  of 
handling.  Approximately  3 rrig  of  methv  I alcohol  are  required  rer  rnp  of 
nitrate  nitrogen  removed  ir^cluding  the  requ  i remer>t  for  deoxyr>'?na  t i ng  the 
nitrified  feed. 

4 . Ammonia  Nitrogen  Removal  by  Stripping  with  Air 

Ammonia  can  be  removed  from  a wastewater  ef-^luont  tv 
raising  the  pi!  to  convert  amrrion  i urn  ion  to  dissolved  ammonia  and  then  con- 
tac'ing  the  effluent  with  a sufficient  quantity  of  ammonia-free  air.  This 
physical  process  is  called  desorption  or,  more  commonly,  "stripping." 

If  the  contacting  is  done  in  a packed  tower,  the  pre.su ro 
drop  across  the  tower  is  about  1.0  ps i or  23  inches  of  water.  ? i nee  the 
volume  of  air  reauirea  per  unit  volume  of  wastewater  effluent  is  very  high, 
about  400  cubic  feet  per  gallon  in  a countercurrent  operation, 
power  to  overcome  even  this  relatively  low  pressure  drop  is  rrohlbitiv-  . 

The  problem  of  high  powur  cost  was  solved  Iv  i i - 
gators  at  the  Soutli  Lake  Tahoe  Public  Jtilitv  District  who  u‘  ' t 1 li*- 
filled  tower  such  as  i used  tor  cool  i no  water  fx)  conta.:  f waS^--  jn  ; i'. 

Iho  pressure  drop  acr..-ss  such  a device  is  ver-y  low,  about  1/2  inch 
.V  'ter,  .0  power  costs  are  reduced  to  reasonablr?  levels.  Removal  ot'Icirr’.  i.  , 
:■  h i ah  as  percent  were  obtained  in  a 24-fco-t  h i qh  tower  in  which 
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'AdSlc-wafer  eftiucnt  ana  gas  were  contacted  in  a nearly  counter-current 
fosnioti.  On  the  naaib  ot  this  experience,  a full-scale  stripping  tower 
ft  is  constructed  at  South  Lake  Tahoe.  The  tower  was  designed  to  remove 
90  percent  of  the  ammonia  from  3-1/2  ^ICU  of  Tahoe's  renovated  ftastewater. 
ine  dir  flow  is  not  countercurrent  to  the  liquid  but  fl-ws  across  the 
tower  (cross-flow),  while  the  wastewater  drips  downward  through  the  packing. 

Initial  operation  of  Tahoe's  stripping  tower  was  in 
the  winter  and  immediately  revealed  a limitation  of  ammonia  stripping. 

O 

I'.’hon  air  temperature  tell  below  0 C,  freezing  of  water  occurred  at  the 
air  inlets,  making  the  tower  inoperable.  Also,  since  ammonia  solubility 
is  higher  in  cold  water  than  in  warmer  watei',  more  air  is  required  to 

O 

remove  it  (800  cubic  ‘o-et  per  gallon  at  0 C)  . The  Tahoe  tower  was  designed 
for  400  cubic  feet  per  gallon;  therefore,  removal  .'.as  much  lower  than  90'. 

Another  problem  which  developed  at  Tahoe  is  the 
formation  of  scale  in  the  tower.  The  scale  is  chief Iv  calcium  carbonate. 

It  forms  because  tne  previously  lime-treated  effluent  is  supersaturated 
with  respect  to  calcium  carbonate.  In  the  case  of  the  tower  at  Tahoe, 
ftio  sludge  can  be  flushed  from  the  tower  except  from  inaccessible  areas 
wh  i cti  cannot  bo  reached  with  a water  jet.  A pilot  scile  ammonia  stripping 
tow.  r at  the  U.  S.  Environmental  Protection  Agency's  Blue  Plains,  '.'.’ash  I naton , 

0. P.  Pilot  Plant,  has  had  similar  scaling  problems,  except  the  scale  is  hard 
and  adheres  'f’o  ttio  tower  fill.  Tfo  causes  of  the  differences  in  the  natur-  j.n 

1. 'iount  of  scale  in  v:rious  locations  have  not  been  resolved,  ''tudies  r-_  ir 
procT'-'SC  to  see  [f  the  scale  can  be  prev-  ntrd  fror-  forming,  or  if  i+  can 
made  non  idii-  rent. 

The  cost  of  amtion  i a sfrippinq  has  been  estimated  f.:r 
the  South  Lake  Tuhoe  facility  to  t>c  about  2.9.’  per  1000  gallons  of  waste- 
water  treated.  This  does  not  include  the  cost  of  the  lime  and  facilities 
to  raise  the  pi*  to  about  II.  These  costs  have  been  charged  to  phosphorus 
removal  because  this  is  the  direct  objective  of  the  lime  addition.  If 
VOo  removal  of  ammonia  nitrogen  is  required  even  in  cold  weather,  these 
costs  should  be  increased  by  about  80?  fc  provide  for  a higher  a i r-to-w  3 • >-r- 
rat  io. 
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AnTTionla  stripping  is  feasible  when  tne  te”iperar j?  e i 
above  freo.iirg  bat  there  is  danger  of  serious  fouling  by  scale.  The 
acinroach  for  rririmizina  scale  and  its  effects  appears  tc  be  to  use  a pH  ■- f 
about  10.'^,  cou'-' fereurrent  operation  rather  than  cross-flow,  and  an  ■'.ocr'. 
fill  to  allow  'or  easy  flushing  of  accunulated  solids. 

5.  ‘Jifrcoon  '^e'noval  bv  ''h.o-inl  '.‘ethods 

a.  Removal  of  Anmor  i a by  ’elective  Ion  Ewoh-'~  • 

Conventional  water  softening  ion  exchanoe  '*e<- i ns 
w*  ich  are  select'vi^  'or  calcium  and  maanesium  do  a relatively  poor  -o!' 

,jt  removing  ammonium  from  dilute  solutions.  Total  deionization  by  mivtd 
bed  ion  cxchanoe  r.psins  will,  of  course,  remove  ammonium  ions  alone  .-.ith 
other  car  ions  but  this  process  is  too  costly  for  wastewater  treatmrr-. 

Certain  zeoli+es  show  unusual  se  I ^rt  i v I ty  • 's, 

ammonium  ion.  A i-amcnstrat  i on  oroject  at  the  Battel  le  Vemorial  Institut.- 
- 'Pacific  Northwest  iboratories  in  I9’'‘’>  shewed 

that  certain  zeolit  Including  the  naturally  occurring  mineral  cllnor- 
tilolite,  not  a hinh  seluC+lvity  for  ammonium  in  natural  and  wastewater  . 

A trailer  raauntea  demonstration  nlant  with  a capacity  of  100,900  gallons 
per  day  was  built  33  a cooperative  demonstration  project  between  the 
environmental  Protection  Agenev  and  Batte I I e-Northwest . Clarified  second rrv 
e'tiaent  is  .nassed  downward  through  columns  containing  cl  i nept  i I o I i te. 

When  a column  becomes  loaded  with  ammonia,  it  is  regenerated  with  I imp, v a ter 
containino  sodium  chloride  to  speed  up  the  rate  of  regenerat ion . The  h i oh 
p H.nf  the  I imewator  converts  the  ammonium  ion  to  unionized  ammonia  cas  In 
solution.  The  ammonia  laden  limewater  is  then  pumped  throuoh  a naci-ed 
column  thr.nuch  which  hoa+ed  air  is  blown  to  remove  the  ammonia, 
b . Ion  Exchange  for  Nitrate  Prnoval 

Several  attempts  have  been  r'ado  to  develop  se|.->rtivp  i on- 
exchanoe  processes  for  nitrate  removal . Dew  Chemical  Company  is  presentlv 
under  contract  to  the  Env  i ronmenta  I Protection  Agency,  +0  develop  a nitrat-a 
removal  process  based  on  the  use  o'  a porous  solid  absorbent  containin-j  .1 
n i t ra  fe--e  I ec  f i ve  water- im-w;  sj;  it)  | e extractant.  The  process  ha'i  *he  advantp-p 
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ot  liquid  ion-exchar-.qe  technology  and  the  eaue  of  cperation  of  the  granulcr 
;cd  resin  systens. 

Selective  nitrate  removal  by  ion  exchange  will  not  be  feasibi 
until  new  resins  are  synthesized  with  a high  selectivity  for  nitrate  over 
other  anions  present  in  the  water.  In  addition,  a suitable  process  for 
treating  the  nitrate  laden  regenerants  must  be  develooed. 
c . Chlorination  of  Ammonia 

Ammonia  can  be  oxidized  to  nitrogen  gas  by  cri  I or  i nat  i ng 
to  the  breakpoint  with  either  chlorine  gas  or  sodium  hypochlorite.  Tour 
moles  of  chlorine  or  hypochlorite  per  mole  of  nitrogen  gas  liberated  jre 
required.  Hypochlorite  is  more  expensive  than  chlorine  gas,  but  It  is  mu.  ■ 
safer  to  transDort  and  handle.  Breakooint  chlorination,  of  course,  also 
disinfects  the  wastewater  as  well  as  oxidizing  ammonia.  However,  the  additi-' 
of  200  - 300  mg/I  of  chloride  ion  would  not  be  acceptable  for  many  inland  .v  ;•  ^ 
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■ ■ ^ Ljm-j  Dis.osal  (Srray  Irrigation)  as  a Long-Term  Alterrat  i v--  ' - r 
'■*3  i ' -^3  i n i r-  and  Enhancing  Water  Quality 

(a ) I ntrcduct ! cn 

The  usG.of  fluents  from  municipal  spwsnr  reaf  r'on  * fa 
in  i'riq.aion  has  long  been  practiced,  '\cva.3e  "farrinr,"  in  ttr  i‘  ■ 
it.ntro  ben3p  in  the  late  19th  Century  in  Wyo-ninc,  Co  I or  r-: , ^ : I i ' 

Lit  ih , 3nd  ‘'-r^nna.  At  the  present  Time,  e<t-'‘nsive  Sf'wace  tarmi'  : i 
in  arid  rocions  cf  these  western  States.  Pecause  water  ava  i I ab  i I ' ^ . l-, 
critical,  little  attention  is  given  to  the  hacteriologi ca  I auaii'v  - "• 
water  supply.  This  practice  of  irriaation,  on  several  occasions  ir 
past,  has  c.o-tributed  to  the  outbreak  .r  diseases  as  contami  natr--| 
and  fruits  were  consumed.  Today,  U.  S.  Public  Health  r-.-rvice  rc-sfrl:'^- 
low  levels  of  population  infection,  and  curative  medicine  have  P’-acticai 
eh'  ina'ed  disease  or  worm  infections  from  food  contaminated  h / ir^: : 
practices  in  the  United  States.  This  dees  not  mean,  however,  t^a'' 
il^reat  exists  from  this  source.  Consequently,  commjnitiss  now  ' 

the  pi 'inning  and  design  of  land  disposal  systems  should  provide  for  - ; 

‘anitary  practices  fo  be  carried  out  during  the  operation  cf  the-r 

Several  communities  in  Michigan  including  a number  in  wh.-^  -an 
River  basin  are  now  considering  land  disposal  or  spray  irrination  as  a 
method  cf  enhancing  and  maintaining  water  quality.  While  water  aualirv 
would  be  the  primary  benefit  achieved;  fish  and  wildlife,  water  o-imtoa 
recreat  iona  I , agricultural,  and  cu  I tura  I -aesthet  i c benefits  may  als.p  fo 
derived  from  this  method  cf  wastewater  manaoement. 
fb)  The  Land  Disposal  System 

Where  the  treatment  of  sewage  is  to  be  accomplished  in  i an  . n . 
a typical  land  'disposal  svs+em  may  consist  of  six  basic  cc'^ponents  : (If 
a collection  and  ^transport  network,  (2)  treatment  cells  (aera'^i-'n  i •-  • 

(3)  storage  lagoons,  (4)  irrigation  land  and  facilities,  (S'*  i ; - 

organism.,  and  (6)  a drainage  network.  Taken  together,  'f'he -e  -r--  .. 
form  a wastr>water  system.  A brief  discussion  . f f-- ■ • 

is  pro  ,nnfed  beic.w  . 
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I . CollecTi„r.  jnd  '"r  cit  ■ .por  r " 

This  conp:r’^r,T  ot  the  systf-n  ray  consist  of  ^orce  rains  ar^'J 
gravity  sewer  line  .-.hish  r-.jl  i Le  used  for  ;ol  lection  and  trans- 

portation ot  the  ..  is  rev. .!  Ter  to  the  treairr.c-nt  ct  I Is. 

2 . Treatment  Cel  Is 

The  ran  scv.cge  is  transsorted  and  disc:. urged  to  treatment  cell, 
or  .jpration  lagoons.  The  treatment  cells  may  se  -equipped  w i tfi  diffua-.-: 
air  pipes  or  mecfian  i c.t  I aerators  floating  on  The  surface  of  the  «'ast< - 
water.  Well  designed  treatment  cells  having  suf’icient  aeration  capacity 
could  reduce  the  tiocnem/ical  cxygen  demand  of  f'lc-  wastewater  70  to  90  r-t-rc- s- 
in  a 3 day  period.  This  degree  of  treat".-ant  v.c  - 1 d ie  ccm.parable  in  ■;,:iirv 
to  that  3C‘.  ieved  by  conventicnal  secondary  treatment,  where  diffused  air 
pipes,  mechanical  aerators  or  some  other  r-.rhed  of  aerating  the 
wastewater  is  not  provided,  the  timie  required  for  the  biological  treotm.enr 
process  to  fake  o 1 a^t,-  is  from  20  to  30  days  i^  not  longer.  Treat'^ent 
cells  designed  to  operate  .vitnout  the  ber'efit  ot  any  form,  of  mechanical 
aeration,  generally  are  shallower  and  hence  require  mo’'e  land  than  those 
designed  to  include  a system  of  aeration.  Consequently,  tnei r use  is 
often  limited  to  smaller  communities  where  it  oecom.es  rn^re  economical 
meet  the  cost  of  acquiring  additional  land  than  to  em.ploy  aeration  equip-ont. 

3.  Storage  Lac.oons 

The  provision  of  storage  lagoons  in  the  system  provides  operatinq 
flexibility  so  that  it  is  not  necessary  to  Irri.q,-te  during  qe-ricds  'vv 

rainfall  or  during  tim.es  wnen  the  .qrcund  is  trocen.  The  stc-age  lagocns 
provide  treatment  tnreugn  waste  stub  i I i rat  i on . ,A»ter  w i tnd,'^;,^  ; I fro'"  t?  • 
storage  la-goons,  the  treated  .•.astewaters  snould  he  disinfected  by  rhlcrin.m'  ■ 
prior  to  irrigation.  The  lagoons  snould  be  lined  with  clay  to  prevent  see: 
losses . 

4.  Lands  for  Irrioation 

A land  disposal  or  spray  irrigation  sysrem  requires  large  tracts  of 
land  per  capita  served.  Consequently,  the  availability  and  cost  of  the 
required  land  often  presents  .a  major  problem  to  a proposed  system  becc'^inq 
economically  Justified.  In  .addition  to  its  a va  i I i I i * v i'l.’  cost,  the 
suitability  of  the  soil  ‘or  spray  irrigation  is  .-Iso  of  prir.irv  irportance. 
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! selorfr’/i  as  i rr i qar i cn  c’i  rcc^l  sites  should  have  a good 

proxloltv  to  the  la(;:oon5,  relativelv  lev-l  tononraphy,  and  a suitable  soil 
type,  preferably  loamy  sand  which  is  able  to  assimilate  irrigation  waters 
without  appreciable  runoff.  Pesiqn  criteria  used  to  establish  si.^cs  for 
irri  cation  si  *'"s  located  in  Mi  chi  can's  lo'woc  peninsula  should  be  based  on: 

(I)  The  i re i cation  season  reine  7 or  ” month’s  in  length  and  (2)  an  averaco 
apn  I i cation  rate  of  about  2-1/?  ' nciies  per  wuet  . If  the  irrigation  site-' 
are  located  ad'acent  to  .a  stream,  tr.e  sprav  irricition  should  be  :ircc'‘e: 
in  such  a wav  *hat  f'e  warer  does  not  fa||  into  the  stream  or  onto  the 
banks  of  the  stream.  discussion  of  soils  in  the  Grand  River  basin  wtiicn 
arc  suitabit-  for  sprav  irrigation  is  presenred  on  pages  through. 

herei n . 

5 . The  Soil  and  ^ngarGs  s 

The  soil  and  orcanisms  or  aerobic  soil  zon°,  which  the  effl;ents 
pass  through  after  being  sprj-.'ed  onto  the  irrigaiion  lands,  provides  what 
could  he  described  as  t''e  equivalent  of  tertiary  treatment. 

Nutrienfs  are  used  bv  plants  or  removed  by  the  soil,  e.q.,  the 
earth  serves  as  a phosphate  sink.  Viruses,  which  arc  positively  charceii 
w.nen  the  pH  of  the  wastewater  is  between  5 and  9,  are  removed  by  cpposi‘'^el7 
charged  earth  particles.  The  pH  of  most  municipal  wastewaters  generally  fall 
within  the  6 to  9 range.  Heavy  metals  are  absorbed  by  organic  matter  and  by 
clay  particles  in  the  soil.  These  metals  are  required  by  the  plants  as  trace 
elements. 

The  aerobic  soil  zone  has  been  shown  through  research  to  he  an 
efficient  and  effective  remover  of  noT  only  pollutants  that  are  dissolved 
in  water,  but  also  such  pollutants  as  color  and  residual  suspended  sol  las. 

It  is  recognized  that  the  capacity  of  tf-ie  soil  and  plants  to  absorb 
heavy  metals  is  not  infinite.  The  land  disposal  system  should  be  desioned, 
however,  to  insure  that  the  rates  of  application  and  subseauont  removal  of 
these  metals  should  be  such  that  overloading  of  the  soil  will  be  avoided. 

6.  Tie  Drairv'ne  “letworT 

To  allow  for  frequent  or  maximum  use  of  +he  IrrioetJon  land,  an 
undenround  dr.ainaqo  network  ccnsisfinc  of  tiles  and  wells  should  be  installo 
to  suf  ^ i c i •'■nt  I V drain  the  soil;  thereby  prevenfina  it  from  becominq  w.aterloqq 
.and  unfit  for  irriqation  purposes. 


Although  the'  water  quality  of  the  effluents  passing  through  1 he 
soil  will  be  high,  il  is  not  desirable  that  this  wafer  infiltrate  ground  wetter 
'■upplles.  The  undurgrourid  drainage  network  will  help  to  prevent  the  ef^'lucnt 
frorr.  reaching  aquifers.  Also,  for  agricultural  production  proposed,  the 
drainage  system  could  be  used  to  help  maintain  desired  moisfure  conditions. 

After  being  collected  in  the  underground  drainage  systeri’,  the  hi  ,n|y 
treated  effluent  water  could  be  discharged  to  nearbv  streams  or  It  could  be 
used  for  certain  industrial  purposes  such  as  in  cooling,  processing,  and 
washing  operations.  The  overall  usage  of  the  colU'cted  effluent  water  would 
be  subject  to  the  approval  of  the  U.  S.  Fnvi ronment a I Protection  Agenev 
including  the  Office  of  .■.'ater  Programs  and  /.atcr  i'viiene  Division  and  otu'  r 
concerned  Federal,  State,  and  local  agencies. 
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Soi  I C'Ui  f it  i I i ' for  1 ~r>.  <t(T  spray  Irriq.rjtior 


Soil  assoc i at i ortrr  are  groupings  of  two  or  '■lore  similar  or  dissimilar 
soil  series  occurrinq  together  naturally  as  comhinations  of  soils  and  land 
units.  An  analysis  has  been  made  of  the  soil  associations  in  the  Grand  “^iver 
t'asin  to  deter”  i n-"'  the  i r suitability  for  was'‘ewater  spray  irrigation. 

Sevo'^toen  ^^oi  I afsooiations  consi'-tinq  of  '■?  soil  series  have  been  ident- 
ified ('  igure  V-6).  ! ach  soil  series  within  an  association  was  rated  in  one 

f four  ca-^  ■dori-:'S. 

These  soils  have  properties  which  are  favorable  and  would 
perform  very  well  in  the  rated  use. 

These  soils  have  properties  which  are  moderately  favoraole 
and  would  perform  satisf  ictorilv  n the  rated  use;  tut  they 
have  resfrictions  which  require  mocerate  management. 

These  soils  have  properties  wtiich,  .in  their  natural  sta+c, 
are  unfavorable  for  the  rated  use.  These  soils  could  cive 
satisfactory  performance  if  specialized  site  preparation 
-■nd  intensive  rT.snaaent.T,  t .-.'ere  used. 

fhs'so  soils  have  prepertios  which  are  highly  unfavorable 
and  would  not  perform  sat  i .^f  actori  I y even  with  good 
managemert . 

of  soil  series  within  each  association  determined  the  rafinc 
of  the  association  (Table  V-14).  The  rating  of  each  soil  series  consid-'^red 
texture  of  top  soil,  sub  soil,  and  sub  strata;  permeability;  water  intake 
rate;  water  holding  capacity;  and  drainage.  Since  water  disposal  is  the 
primary  concern,  soils  capable  of  absorbing  and  transmifting  water  readily 
and  serving  as  large  filters  for  water  purification  arc  given  fhe  highest 
ratings.  This  would  include  deep,  dry  sands  such  as  Rubicon  and  Grayling, 

These  same  soils  would  be  rated  low  for  normal  agricultural  irrigation. 

Coarse  textured  soils  may  permit  unfiltered  material  to  travel  long 
distances.  On-site  investigations  are  required  to  insure  that  wastewater 
disposal  on  such  soils  would  not  contaminate  water  supplies. 

The  mineral  soils  in  associations  25  and  2'A  were  rated  poor  primarily  on 
the  hasi*  of  natural  drainage  conditions  which  range  from  somewhat  poorly 
drained  to  very  poorly  drained.  If  artificially  drained  and  well  managed, 
these  soils  would  he  rated  fair  to  good.  In  fact  where  the  possible  contam- 
ination of  groundwaters  is  of  major  concern,  these  soils,  with  controlled 
drainage,  may  he  p ref  ■'‘r.ih  I e to  deep,  dry  sands. 

Based  on  t^is  inrilysis,  it  is  estim.ated  that  the  total  acreage  withiti  each 
rating  category  I , >s  follows;  Gvood  - 1,12^  square  miles;  Fair  - 1,-187  '.guare 
miles;  Boor  - 2,IT4  square  mil«->s;  and  Very  Poor  - 7B2  square  miles. 


Good : 

Fair: 

Poor: 

Very  ^^oor: 


T f i 


i 
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Table  V-14 

Soil  Suilaijility 

Roil 

Assoc i at i on 

Roil  Series 

10 

Kestoi’ 
Kawlvav.d  i n 
Kelk i rk 

20 

R.  i ms 

kav.'kav.’lin 

Gafiae 

Toseo 

21 

WIsiu'r 
I’ssex\'  i lie 

22 

Monte aim 
Mei;i'  i do 
I’oats 

2R 

Hi'('\’ort 
1 f).seo 
R iiiis 
T'eats 

2f) 

Montcalm 
Kalkaslva 
kriuiie  t 

(undul  at  i ng' 

27 

Montcal m 
Kal kaska 

! ;miii(!t 

2H 

Kill:  icon 
(ii'ayl  i ng 

20 

RoseoMiMion 

AuGri.'s 

Peats 

11 

Rt  . Glair 
llloimt 

jL If  art  i I'ic  i nl  1 V tirainrcl 
rntrd  ’Tnii’". 

2_'  If  art  i f i i’ i al  1 ' ' ilraiiircl 
rated  "good”. 


Was!  1 

..'at  1 r 

Rpi'ay  I IT  i gat  ! or. 

Rat  i e.,';  I'oi' 

Rating 

[ tor 

St ‘I 

•1C 

Assoc i 

at  ton 

vei'V 

I>OOI' 

very 

poor 

'.'i‘rv 

poor' 

Very 

potir 

verv 

poni’ 

very 

])Oor 

very 

poor 

very 

poor 

])OOi’ 

vei’y 

poor 

very 

poor 

\’e  r'.' 

p n o ' 

tain 

fair 

l a i t' 

V('ry 

]1001' 

poor 

poor 

poor 

poor 

poor 

i ^ 

.good 

ftood 

good 

gooil 

goml 

good 

good 

good 

g^nod 

good 

giood 

poor 

poor 

v('ry  ])oor 

pool’ 

2 ' 

verv  poor 
vt'T'y  poor 

very 

poor 

this  Assneinlinn 

won!  d 

he 

t i; ' s Assoe  i at  i on 

won! 

he 
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V-14  (Coiit'ii) 

Soil  Suitability 

trr  WastewatcT 

Spr.ny  I I'r  i pat  i on 

o i 1 

Katins?,  lor 

Rat  i lip  for 

As f oi  ■ i ::t  i 0!1 

S^cn  1 Ser  i r,  s 

Sc>ri  PS 

Assoc  i at'  i on 

-i| 

Ml  nin  I 

poor 

poor 

Gr>iinvr>r 

vc'i'y  pool' 

r, 

(!ol  ilwat  c r 

poor 

fair 

H i 11s dal  (■ 

f a i r 

3(. 

H i 11  sdnl  1“ 

t a i r 

Fail' 

I'ox 

fa  i r 

Sp i nks 

pood 

■^7 

Fox 

f'a  i T’ 

•'a  i r 

Osht  enin 

pood 

'■iO 

Fnx 

t'a  i r 

f'a  i r 

Hill sdal P 

fair 

Ho'ci  , 11  i 1 1 y 

\iOod 

'12 

Fol  ouia 

pond 

pood 

Sjii  nks 

pood 

in 

OT'san  i i' 

vrrv  poor 

vf'i’y  poor 
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Suitability  of  Soiln  lor 
Spray  Irrigation 


Figure  V-6 


Poor 


{.'1 


.if  i cn , 

.‘^..d'es  ‘ 'uld 

be  conducted 

; i 1 ■■  r pec^  to 

the  S', 

■ t i , 

' per  ‘ " .IP  - 

o.  The  doita  c. 

iirer'oj  .-rul  t ■" 

len  "jO 

use  1 i ' 

•*  n 

' t : 

: f i ! d r 

system':  for  ' 

. r co-m"  un  i I i e a 

1*^0 

stu-‘i 

- . r - 

. » 

• .1 

j!  ■ • 1 lie;  the 

fo  1 1 cv.  i r.  ; ; 

i.  j > I i ^y  rvn  i t'or  i ri^  c*  ■'urT;je  jnd  nroun '»v 'ito ' 

J-.v  I • -.1  • I — t ^ . 

? . I‘-f>  ovili;:tic.n  nf  1 hr  p f * i c i one  i cs  o:  thp  sy  <- 1 's 

core  non'  . 

3.  Tno  ove  I U'^t  i cn  of  scriculfurol  o noduct  i v i tv  , coil-  . 

lin  J ocen  V ■'  i c I or  • i ! ; ""f  f he  « . is  tew  ‘for  ' r r i ne  f I on  . 

4.  Ihe  ovriuafion  of  the  sociol,  ocononi.c,  and  onv  i i on-r f I 
i'T'oac"'  of  the  systen. 

■ ‘ r iof  doscrioii'  r ef  rorh  of  tf.c  four  ^soecio  of  the  stuov  li  ; 
^;hC'VO  is  ri''  r-nUid  to  low; 

I . 'Wotf  r \ual  i tv  ‘-~rii  fo^  i no 

A water  Quality  rson  i tori  r'noora's  all  strears  'in'  a-  .-M 
err  j-'.^.w  :f  e-  aauifcrs  in  the  vicinity  of  the  irrigaticn  sites  should  to 
corid'jctod.  The  cuality  paranreters  studied  should  include  crcariir  arn 
in.'rcinic  rheriicals,  bacteri  c I eg  i c and  virolcgic  levels,  nuf'-ients,  ana 
rnv'ic.al  character"  i st  i cs . The  study  should  begin  orior"  to  placing  the 
land  disposal  system  into  ooeration  and  continue  for  a oeried  of  ti^o 
thereafter.  A deform i na t ion  of  the  before  and  offer  impacts  of  the  system 
could  then  be  made. 

7.  Per‘ormanco  of  Troatment  Components 

The  remevj  I efficiencies  of  each  comDonent  with  respec"^  to 
PCD,  suspended  solids,  phosphorus,  nitrogen  compounds,  heavy  metals,  other 
tnvir  ".ubstance-"  , color,  turbijifv,  virus  and  bacteri  o log  i ca  I removals, 
ind  I ttirr'  r'elovai'it  pan^cters  '-hould  be  evaluated.  The  storage  I aioors 
should  (e  evaluated  with  respect  to  generation  of  odors  and  operational 
p^  . The  irrioorfion  and  subsurface  drainage  facilities  should  also 

t r>  ■■  t'-e^ul  ly  • > I Liatod  with  respect  to  physical  performance  and  operating 
'sd  - •irtmuice  ,_-Csrs. 
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.-.hero  The  lend  Jispo-^dl  system  is  to  te  ro  enhdticu  t i j 

d-jrtion  of  dgricslturjl  ona  forest  crops,  stsales  of  i ts  j;ricjltor  j|  ir';..:  • li 

shou  I d De  inifidted  ir’ir;;t.'d  I dTi?  I y .ind  should  oo:iTiru.-_-  : ,r  .1  lerioa  -f  v'ejr-  . > j 

i-iitijl  effort  should  be  directed  To  identifying  :’jrr.e’s  • r e I Tcf  r,  jt  i ve  • |l 

.vni/h  could  be  produced,  •'og.jtner  with  pilot  forming  opetj'l  .'ir,.  A rive  . .•  fj 

"it  i'-um  study  should  be  r.-quired  thereafter  fo  assecs  ftie  benetirs  anc  c-rr  1 1 

■t  .vjbTe.vater  irrijation  on  agriculfural  anq  foroat  pi  ,c„-rion  and  a ;i  - |j 

’irions  in  tall  scale  operations.  The  agri 1 Tara  I tr-sies  snoul:  I . - 

I 

,'e I op'iient , resting  and  the  assessment  of  aari  ullural  '--anaaet'enT  pro  :ra"  - ? 

clujinq  the  i n'.estigaf  ion  of  crop  rtarkefs,  a I rern  ; i i w-  crops,  crop  roTa'i^'  , 

1 

site  and  soil  development,  nutrient  balance,  the  eTfe-ts  of  toxic  nateri  :l  . [j 

etc.  A portion  of  tne  ir'rigation  land  cou  I o be  tvaiages  as  a test  ..irt-  .v'  i . j 

"ajor  part  be  deveirped  for  full  scale  commt  r c i a I agriculture  or  leu-.  |i 

rriv.3te  operators  for  such  purposes.  The  agricultural  studies  should  uU.  | 

■ JO  an  evaluation  of  the  commercial  f ar"  i nq  operations  cut  it  t ’'he  fi.-  ' M 

Deriod.  studies  should  encompass  crop  production,  quality,  marketin',  |J 

■ 'ting  of  public  healtn  aspects,  economic  return  ant  impact  on  regional  *ur"-  | 

inq  conditions  and  opportunities.  [j 

4.  Social,  Fconcmic  and  Env  i ronment.a  I '‘■■udies  |j 

_ I 

A major  aspect  of  the  ct-gectives  cr  tnis  r-/5tem  relate-.  *c  •••  ] 

assessment  of  the  social,  economic,  and  env  i rcn";er.t3 1 impjcts  c‘  i"'rle"c'  ' ■ ■ i 

a land  disposal  sy  tem.  .-'n  on-going  program  c>f  in^cmaticn  catherin",  ] 

ccm'munity  analvsis  .tnd  trends  e.-aluat'on  should  be  instituted  and  carro-  : j| 

out  over  a five  year  period  beginnina  i th  the  initiaticn  of  construct  I . M 

The  specific  objectives  of  this  bregram  of  i nvest  i qation  should  include  i''| 

making  assessments  of  the  following  areas  of  concern.  j 

a.  Changes  in  the  intensify  and  nature  of  usage  of  the  wafer  || 

resources  units  affected  by  the  system.  1 1 

b.  Changes  in  outlie  at+itudes  toward  the  env  i ronmentj  | .;jj|i*v  | j 

condi tions . • ! ’ 

( 

c.  Impact  of  the  system  on  the  control  of  urpanirati  ti . 

d.  Impact  of  the  system  on  jv.b  opportunities  in  industr-w^  : ! 

commerce,  and  agriculture.  j| 
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(d)  '!‘‘  l ^'inirun  ' . "'f'  Usfi  of  Scwano  Ff^l  j'''"’’'" 

Iho  u'jo  ■ ' .I'.v  offluntj  ir'icito  rrnz,  on  iover  ■ I o . ' ' 
in  the  past,  caused  ^■..nccrn  in  >esport  to  the  hacleri  o I og  i cd  I auali*. 
irrigated  water,  ronsequont  I v , fhc  U.  F . '^ublic  tiealth  Service  h'iS  re.  - 
fended  au  i de  I i r,.; . to  assist  in  the  prevent  i,.n  tnd  control  of  vocter  t 
related  hetU*',  pr-*'l  ' associated  with  i r’-ie  i^ion.  A number  ot  ^he 
recommen Jed  .;uiJ’  'ire  are  pr-ajonted  below.  Thev  are  considered  to  he  t‘ ■ 
minimum  guide  line  “ ,t  should  be  cc."  i' I i ' d i i ' when  raw  or  treat.  ; s. 
is  used  for  i r : i .1.:  t i on . Local  and  State  re.gul  ations  should  be  t.  I I ewe,)  ;• 
they  arc  more  stringent  th.an  these  rocor-mendat  i ons . 

I . I r r i oa  I i on  wi  th  r.aw  sow  ace 

Raw  sew.aqe  should  not  he  used  ‘or  irriq.ation. 

2.  Irrigation  with  of  fluent 

a.  The  sewage  to  he  used  for  irrigation  should  be  ‘rot'.'i  hv 
stahilicati  :•  r r.t^.  i - tcric"  , hr'/ina  : "■,ini'';f  detse‘'i'n  period  of  2'!' 
witr-  a rnc.-r-mende.1  tr-iranticn  of  ?0  d.ays*  or  by  a minimum  of  second.arv 
tr-.\.fmor.t  and  di'.ir.t.  (ion. 

b.  After  beim  trer-'roJ,  the  efflitent  should  rrieot  of ‘I  urn  f 

"tan.d.rrds  cr  oth'r  muirerrents  as  orttbl  i'jhed  hy  the  State  or  orfe^  ,■ 

having  j uri  - d i i '-n  •'  r .vater  pollution  control  but  in  no  case  fseuld 

I ,000  focal  conforms  per  1 00  ml. 

3.  Precautions  to  be  tahen  p,w|oro  irrinaticn 

Before  irrigation  witn  effluent  is  carried  out,  the  to  I I r i re 
precautions  should  he  taken; 

a.  The  areas  to  be  irri. gated  should  be  clearly  designated 
with  signs  warning  in  clear  and  vi/.it'le  letters  th.at  sewage  effluent 
irrigation  is  being  carried  cut. 

b.  The  pipe  network  for  this  effluent  irrigation  shoul.l  |r 
completely  di sconnoc tod  from  any  potable  w rter  supply  network. 


The  rcconr.cn .fed  detentirn  p.'riod,  20  *■  n 30  d , is  based  on  the  a-' ■ ./-n*  i,  • 
that  ‘■he  blolonical  trmit-’ent  process  will  occur  under  natural  crn'ifi’n'- 
rather  than  und.-r  .:onditicns  where  additional  oxygen  will  ho  provided. , e . -. . . 
through  a mecharicil  aeration  system. 
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c.  All  necessary  stops  shoulJ  taken  to  prevent 
musqjito  or  fly  broeJing  in  the  area  to  be  irrigated. 

d.  All  ru  . ssaty  steps  shov  I ijl'-iri  to  pre/ent  Mi’,- 
d i sst!"i  i naf  ion  of  odot  s icn  may  reach  resi  :'-'''tiai  are;„,  teCrearist 
areas,  or  otf,er  areas  in  wtiieh  the  public  is  li'<  ly  I.  be  present. 

e.  Mo  spray  irrigation  w i i rr  t.''l-.'nt  stould  be  cn.rric. 
out  less  than  JOO  yard'  t rx-r'i  a resiuential  ar-ea  x '0  ',arjs  f ror-i  a rajJ. 

f.  iv’idne  rnJ  turro’.v  irrigation  ' •t’ljorrf  ''.ay  Lx'  cm 
out  if  the  distance  tc  residential  areas  is  gr.  ri-r  ’!  ;n  100  yards  at,, 
dist.ince  to  roads  is  'greater  than  25  yards. 

4.  a r 0[-  I i'l.  i 1 i1  itris  fcr  i nr  I tat  i : t i ' ' . ’ ’ I .onT 


Conciti-ra  _ruer  wnicr.  irrijaii.r  ..  i 1 1 --t  f I ^ent  r’.ny  Ce 


permitted  are: 


Tiiost  crens  v.hich  "ay  te  cc'Si-"eJ  raw  and  partur  ' 


should  not  oe  irri'gated  ^<ifii  sevrace  eftluei.t. 

b.  'hose  crops  norrr.a  I I .■  oaten  .'..Orc-J  cr"  naving  an  outer 
peel  or  husk  whiei.  is  norraj  I I y ror-evaJ  and  dit-rreec,  crops  ter  ind-c*ri 
use  and  not  used  t...r  txrrari  consurnp  t ion , rrsr-.ar,  ira.as  -t.d  tedder  cregs 
harvesting  mav  be  irrigitt.'d  with  sewage  et’l-ent. 

b . I r ri  gat  ion  of  I rwns  with  .ftlu.,  nr 

Etrluenl  snould  bo  used  to  irrigate  lawns  on  I v where  rne 
lawns  are  closed  to  tne  puslic  wtien  ttte  effluent  is  Ixing  applied  an.  .. 
the  irrigated  lawns  re"’d i n wot  from  the  cftluent  application. 
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( 5 ) w 3ter  juellty  Recornr.entiations  for  the  Grand  aa^iri . 

Fl^n  3 adopts  the  State's  Inter!"  .vater  Oualit,-  •“  • 

*'  ■'  *"f  ■’'  ind  '’iver  basin  as  the  tasi  "etnnd  r .•  *tii-7"  '’•--+e 
; j ! I i ty  stintarJs  are  to  be  "'et. 

•' I ;n  3 re'onnends: 

( •.)  That  the  Stare  ,f  •'•!■-  ’aa^’s  rs'l^T  .;ality 

'■'j  ■ a ;er"' • Plan,  in  effect  throuyhoj*  the  jra^d  River  basin,  te  i "p  I red . 

I"p  lfc"-ent,j*  i-  r of  the  plan  will  be  in  accorda'-re  wit-  -"e  Federal  r-l- 

■ ' i n Control  Ac*  Amendments  of  1972  (P.L.  92-500),  administered  b *^e  .S. 

:--v  i r ;n"e"T  j 1 Protection  Agency,  and  will  in.luJe; 

1.  Continuing  improvement  *he  State's  water  duality 
"ana-;eme'+'  program  with  provisions  for  the  Feder' ' governmient  to  provide  up 

50  oercont  of  this  cost. 

2.  Following  the  recommendations  of  and  providing  the 
--id.ir-ed  facilities  as  indicated  in  the  basin  water  quality  manaoemen-'-  plan. 

The  State  and  local  units  of  government  taking  such 
actions  as  necessary  to  eliminate  the  problem;  of  pollution  due  to  storm,  water 
runoff  from  combined  sewers. 

(b)  That  the  Federal  government,  on  a timely  basis,  provide 
finan.-ial  assistance  to  fhe  State  and  local  units  of  government  to  help  im- 
plement the  plan  under  current  cost  sharing  arrangements.  The  current  Fed- 
eral share  of  the  total  cost  of  local  wastewater  treatment  facilities  is  75 
portent.  The  estimated  cost  to  implement  the  State's  Interim  Water  Quality 
■ijh.agement  Plan  for  the  Grand  River  basin  from  1970  to  1975  is  S50.000;  from 
1975  to  I960,  150,000;  and  from  I9S0  to  1985,  $50,000. 

(c)  That  Sections  AQ2  and  404  of  P.L.  92-500  reqardinq  dis- 
ch  jrge  permits  be  inforced.  Under  Section  40?  of  P.'i_.  92-500,  no  discharge 
trim  any  point  to  navigable  waters  is  allowed  without  a permit  issued  bv  the 
Stat--^,  subject  to  review  and  concurrence  by  the  Environmental  Protection 
Anency.  Section  404  of  P.L.  92-500  authorizes  the  Corps  of  Engineers  to 

i . .li.  permits  for  the  disposal  of  dredged  or  fill  material  to  navigable  wif'i- 
‘ .pe.  ific  disposal  sitts  -.iif  ject  to  review  and  concurren-:e  ,,f  th>-  ‘nvlr-  i- 
• • ■ : I F'r  t e,  t ion  Agen'  y . 


(d)  Thdt  thfe  Michigan  water  Kesources  Comini  ss  i ofi ' s exi5Tin„ 
programs  to  prevent  and  correct  anlawful  industrial  discharges  be  enforced. 

(e)  That  an  applied  research  program  costing  an  estimated 
j2, 000, 000,  be  instituted  to  investigate  the  applicability  of  advanced  and 
currently  experimental  waste  tredtnienf  processes  including  land  disposal  for 
the  Grand  River  basin,  to  meet  post  1985  water  quality  needs. 


L' . Water  Sunnly- 

Investigations  ’.oriauctod  in  corirus  :i  ri  w i ui  :he  OrdncJ  River  r'.-jsin 
Study  indiedte  that  corm'Un  i t i es  in  the  hisin  ate  not  tvpecteo  t^,-  e/ per  i e-n,  <:• 
any  serious  water  i^upply  shoriugos  until  about  lnt  yc.-ar  'OCi  . Rt  e I if  i rat  > 
alternative  pi  arts  ,vere  developed  with  reaped  ti'  "'Oe  I i n : these  w.  iter  jutply 
needs  and  are  joscribed  in  Appendix  a,  .'.atr-  .uppiv  tn  t ..tre-jr  aualil,,  i'  : 
d'so  in  Sections  111  and  iV  neroin.  These  plans  provided  f.  • ei'’--i  trie  le- 
velopment  o^  potentieil  ru.jr*rvoir  sites  tor  uitor  storage  or  ‘fe  tistruution 
of  a pipeline  to  obtain  water  f rofi  lake  t-'i-t-i;)"  or  t r -f  : um-  tri.  t , fieei 
these  rteeds. 

‘'■ince  communities  in  trie  basin  are  nut  expected  to  experience  any 
serious  water  supply  shortages  within  the  next  lO  to  lb  year' , Plan  B includes 
no  recommendations  with  re't.pect  to  enhancing  water  supply  resouro. es  in  the 
basin  to  meet  tuture  needs. 
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iU  I 'itr.  . j i tiun.  f^lan  li  recorumon Js  ,i  v.jMey  preserve  systen  , to  De 
i "p  i ef’iented  Dy  TIk'  srole  of  Micfiigen.  I thp  1 erient.j  1 i on  of  the  vdlley  preserve 
. Ilt-.  wou  I ' proceed  in  four  steps:  (I)  des  i gn.jt  i on ; (2)  zoning;  ( '>)  provi- 

_ i on  of  publii  ). ',t  ; jtiJ  (4)  Jev.,- 1 oprrient  for  pul.lic  use.  Lunds  or  interesTs 

in  I -inus  would  be  uoquired  only  with  consent  of  the  owner. 

Iht,'  volley  pr.;-serve  prouram  could  best  Lr.  i itip  1 omented  by  passage  of  an 
Act  tailored  specifically  to  that  end.  ^\t  presefvt  , the  only  law  of  the  St(jTe 
of  L'i  ;piqjn  which  r'elat(,-s  to  valley  preservotior  is  Act  251  (tfie  'Jatural  l\iver 
Ast  ) so  I 

Act  231  was  desigricd  to  apply  to  rivers  wliich  could  bo  considered  to  be 
"n.itnrdi''  nr  ''wild''  in  soriO  sense,  specifically  to  ''ivers  in  the  more  north- 
erly part  of  the  state.  ’’’he  provisions  of  the  Ao't  which  call  for  ptesorvation 
of  "natur a I ness"  or  "wildness"  in  its  p'jre  form  cannot,  however,  appr opr i ate  I y 
be  applied  to  the  Grand  Giver,  since  the  riw-r  valley  has  already  been  sub- 
ted  to  extensive  development. 

!i)erefore,  although  the  discussion  below  employ.,  tiie  language  of  A._t  I 
as  i point  of  reference,  short-corni ngs  in  the  intent  and  language  of  tne  Act 
lu  rc'lated  to  a relcitivciv  densely  popul.ated  *iaid  highly  developerJ  arc  j .cti 
■JS  tiv.i  Grand  River  tiasin  shot  Id  be  kept  in  mind. 

Public  Act  231  was  passed  by  file  7h1h  Legislature  of  the  btate  of  '.lichigan 
in  i fi.  Regular  Session  of  1 970  and  signed  by  Governor  Mi  I liken,  3 I'ecenber  I >70. 
Implementation  of  the  Act  is  vested  in  the  Michigan  Ratural  Resources  Comrni  ss  i or: . 
Ai_t  23I  authorizes  the  establishment  of  a system  of  designated  wild,  scenic 
and  recreational  rivers;  prescribes  the  powers  and  duties  of  the  natural 
resources  commission  with  respect  thereto;  funds  necessary  study  and  compre- 
hensive pkinning  for  the  establishment  of  the  sytem;  provides  for  planning, 

.’oning  and  cooperation  with  local  units  of  government;  authorizes  the  pro- 
tection of  designated  river  frontage  by  acquisition,  lease  easement  or  other 
'•leans;  .luthorizes  local  units  of  governmenf  and  the  commission  1o  establish 
.’Oninj  .li'jfric+s  in  which  certain  uses  of  rivers  and  related  lands  may  be 
iin.:our.i'jed,  regulated  or  prohibited;  provides  for  lirnifations  on  uses  of  land 
and  fheir  n.jfural  resources,  and  on  the  platting  of  land;  and  provides  that 
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(2)  Desi  jnjtion.  Act  231  states  thd1  "Ttio  Comnission,  in  tne  in:.;-rr-st 
ot  the  people  of  the  ^tcjte  jnd  future  yenerat  ions  i-iuy  desi  ;nar,.  , r i .e-'  or  pj'- 
fiori  ;r.ereof,  as  j natural  river  area  for  the  purpose  ef  prosorvin,:  and 
• .rUij.i  j it  vu  I ues  t :>r  water  t'onservati  on  , it'  tree  tlo'.viii;  ;■  : i i i on  anc  its 
; i an  , wiMli^a^  Poatin],  scenic,  aesthetic,  floodplain,  e.ologi.  . ti  i .tor  i - , 

;id  recr- it lai  il  v 1 1 ues  and  uses.  The  irea  shall  include  adjoini'  i r related 
I :■  d a.  appropriate  to  the  purposes  of  the  ties  i an  it  i an . i he  rort  i‘  k n shall 
prepare  and  adopt  a long  range  comprehensive  plan  for  rlesigi'i'ea  naturil  river 
areas  which  shall  set  forth  the  purpose  of  the  designation,  nroru  u-.t.-s  of 
lands  ,.ind  .'.ators,  and  management  measures  to  accomplish  the  purposes.  fate 
lanh  within  the  designated  area  shall  be  administered  and  rranagi.-d  in  jccr.r  lance 
with  the  plan,  and  State  managenent  ot  fisheries,  streams,  water  , wilalife 
and  boating  shal)  take  cognizance  of  the  plan.  The  cor'inissicn  hall  : il  li  i 

and  infirtr,  |,rivate  ind  public  landowners  or  agencies  as  to  the  pi  -s  r r ii_ 

: vrpo.e  , ',o  as  1...  encourage  their  cooperation  in  thc'  managemevt  itiJ  ,se  r 
ft--  i !’  land  'i.lstenf  with  the  plan,  ana  the  purooses  of  ft.-  I i .u,;i  i'-,,,. 

cor'Ciission  ,hall  cooperdte  with  Federal  argencies  adm  i n i s for  i i.g  ii-,  i s' I r ;l 

gr  iirim  concerning  natural  river  areas,  and  with  any  watershrsd  i,  'jru  il 

estibli  hed  uniter  Act  No.  255  ot  the  Public  Acts  of  1 964 , being  .-slians  f.  • . TO  I 
; ■ . ' . 's'O  ot  Iho  compiled  Laws  of  I94R,  when  such  cooperaficn  will  turther  the 

i n f-  ■•'S  it  oi  f he  state . '' 

Plan  recommiends  that  the  designation  "recreational  river"  hs-  cnlied  to 
eact,  r tt,!'  following  streams  as  described  below. 

I.  The  orand  River  downstream  from  the  mouth  of  the  Porta  ‘-i.-or. 

I tie  Red  Cedar  River  downstream  from  the  west  city  li"it  ot  w i I I i .ton. 

The  lookingqiass  River  downstream  from  tlie  west  city  I i i' i t sf  itt. 

The  f-laple  River  downstream  from  ftn^  east  t.njnd  iry  ; ti.s  ■ iv  r 

■ f 1 1 • ■ irrx  • lea. 

I he  M it  "iver  downstream  from  the  east  hound. n v t ft,  I ,i.  ^ n • it  ■ 

, V j"t. ' • r . J . 

' . Th‘*  Rocitjt-  River  dowri'^tream  from  fhu  north  hcjund.iry  >f  ■ i\'  t 

. f J ‘ ‘ jrrK  .'  ■ f ' *a  . 


I he  Thoi  • ipple  !■  i '/er  duwnst  r e.j'n  1 1 'tn  ttie  ..eS  l i ty  lif’iit  of  .dShville. 

8.  The  Col  Owofer  Kiver  ris  t r eutti  t t on  the  OuTlel  of  Jora-jn  Lake. 

fhe  recorn.’iei  ded  vjMe/  pre^^ervu  syston.  is  shown  on  Figure  V-7. 

(5)  Zoning.  Act  2:'^l  stofes  thot  "otter  de'-J  jnation  of  o river  or  portion 
of  d river  as  a na+ural  river  oiea  and  following  the  preparation  of  the  long- 
range  coniprenens i ve  plan,  the  commission  may  oeterminc  that  the  uses  of  land 
along  fhe  river,  e.\cept  wiffiin  the  liniits  of  an  incorporated  municipality,  shall 
be  controlled  by  coning  contributing  to  accomp  I i difien  t of  the  purpose  of  this 
act  and  the  natural  river  plan.  County  and  township  governments  are  encouraged 
to  establish  these  -'oninj  controls  and  such  addiiional  controls  as  ':iay  be 
appropriate,  including  but  not  limited  to  building  and  suudivision  controls. 

The  commission  may  provide  advisory,  planning  and  cooperative  assistance  in  the 
drafting  ordinances  to  establish  such  controls.  if  tne  local  unit  does  not, 
wilhin  one  year  after  notice  from  the  commission,  have  in  full  force  and  effect 

a coning  ordinance  or  iterim  zoning  ordance , the  commission,  on  its  own 

motion,  may  promulgate  a zoning  rule A zoning  rule  may  also  be  promul- 

gated it  the  commission  finds  that  an  adopted  or  existing  zoning  ordinance  fails 
to  iiK.'of  adequately  guiue- linos  consistent  with  this  act  as  provided  by  the 
commis:,ion  onJ  fransmitted  to  the  local  unitu  coneurnod,  does  not  take  full 
cogni.'arice  of  tfie  purposes  and  objectives  oi  This  act  or  is  not  in  accord  with 
the  purposes  of  designation  of  the  river  as  established  by  the  contnission. " 

Irie  r provi  : -s  1'  it  " ■■  .tonifig  ordinance  iJoDted  bv  a local  unit 
of  govornmcnt  or  a zoning  rule  promulyufeo  by  the  commission  shall 
provid*-‘  for  tne  protoction  ''f  the  river  anu  i ruldfccl  land  resources 

consistent  with  the  preservation  and  enhancemeni  of  their  values  

The  ordinance  or  rule  shall  protect  the  interest  of  the  people  of  the 
state  as  a whole.  It  shall  take  cognizance  of  tb.e  characteristics  of  rfie 
land  and  wa'er  cotu:erni.‘d , urrounjinj  deveiopreni  and  exisfing  u.;><.  s and 
provide  f r conservation  soil,  water,  siream  Led  arid  bank:  , flood 
plains  and  adjoining  upland,. " 
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Under  Plan  B,  the  following  counties  and  townships  would  be 
encouraged  to  establish  zoning  controls; 

Barry  County  (Carlton,  Castleton,  Hasting',  Irving,  (•(utland, 

Thornapple,  Woodland,  and  Yankee  Springs  townships) 

Clinton  Counfy  (Dewitt,  Eagle,  Essex,  i.ebanon,  and  Watertown 
townsh i ps ) 

Eaton  County  (Delta,  Eaton  Rapids  Hamlin,  Oneida,  and  Windsor  town- 
ships) 

Gratiot  County  (Fulton  and  Washington  townships) 

Ingham  County  (Aurelius,  Delhi,  Lansing,  Meridian,  Onondaga , and 
Will iamston  townships) 

Ionia  Counfy  (Berlin,  B<.'sfon,  Danty,  Easton,  Ionia,  Keene,  Lyons, 

North  Plains,  Otisco,  and  Portland  townships) 

Jackson  County  (Blackman,  Rives,  and  Tompkins  townships) 

Kent  County  (Ada,  A I goma , Bowne,  Caledonia,  Cannon,  Ca-.ooo.e, 

Lowell,  Plainfield,  Sparta,  Tyrone,  and  Vergennes  townships) 

Montcalm  County  (Eureka,  Montcalm,  and  Pine  townships) 

Ottawa  County  (Allendale,  Crockery,  Georgetown,  Grand  Haven, 

Polkton,  Robinson,  Spring  Lake  and  Tallmadqe  townships). 

(4)  PubI ic  Access.  Act  ?TI  states  that  "the  Commission  may  acguiri 
lands  or  interests  in  lands  adjacent  to  a designated  natural  river  for 
the  purpose  of  maintaining  or  improving  the  river  and  i fs  environnenf 
in  conformance  with  the  purposes  of  the  designation  and  the  plan.  Int.’n  - - 
which  may  be  acquired  include,  but  are  not  I imi fed  to,  easements  design.'U 
fo  provide  for  preservation  and  to  limit  development,  without  providing 
public  access  and  use.  Lands  or  interests  in  lands  shall  be  acquired  under 
this  act  only  with  consent  of  the  owner." 

This  Act  a I so  states  that  "the  Commission  may  enter  into  a lease 
or  agreement  with  any  person  or  political  subdivision  to  administer 
all  or  part  of  their  lands  in  a natural  river  area." 

Since  the  length  of  river  and  tributaries  to  be  designated  under  the 
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Ai^  t i lj  450  miles,  there  are  900  miles  of  river  frontage  (both  banks)  along 
fhi:  t'  ignateJ  streams. 

Plan  !i  recommends  that  public  access  be  provided  on  450  miles  of  river 
fr 'fit  I j.;  in  the  years  I '75  throujn  1984  inclusive  at  the  rate  of  45  miles 
(or  105  of  Ihu-  program)  in  each  of  the  10  years. 

ftu-  esiimated  cost  of  rhu  public  access  program  is  SP, 250,000  per  year 
'I  10  years,  or  a total  of  !22, 500,000. 

The  cosf,  when  converted  to  present  worth  (1971),  would  be  $14,447,000. 

The  .usr,  when  converted  to  an  average  annual  equivalent  basis  (100-year 
proj<'..t  I i te  amortized  at  4-7/8;?),  would  be  $710,000  per  year. 

(5)  Development  for  Public  Use.  Act  251  states  that  "The  commission 
I’lay  expend  funds  for  works  designed  to  preserve  and  enhance  the  values  and 
uses  of  a natural  river  area  and  for  construction,  management,  maintenance 
ariu  ,idm  i n i stra  t ion  of  facilities  in  a natural  river  area  conformina  to  the 
purposes  ot  the  designation,  when  the  funds  arc  so  appropriated  by  th<? 
le.ji'.laturc." 

(0)  Access i b i I i ty . It  is  estimated  that  777,868  persons  (1970 
population)  would  live  within  five  miles  ot  the  valley  preserve  system. 

The  distribution  by  county  is  as  follows: 


Darry  County  20,655 

Clinton  County  16,757 

Eaton  County  39,919 

Gratiot  County  2,930 

I ngliam  Ci.'unty  233,448 

Ionia  iounty  36,424 

Jackson  County  21,557 

Kent  C(junty  53  5,  ’51 

Mon  tea  I m County  I 2, 399 

Ottawa  County  60,468 

Total  777,868 


( /')  Vii  I ues  and  uses. 

( i)  Fish.  Plan  B proposes  implementation  of  the  valley 
preserve  system  in  concert  with  enhancement  of  stream  water  quality  tlu'ou ih . 
.jflainment  of  State  water  quality  standards.  It  also  proposes  an  extensive 
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fisheries  menenfmenl  pr  ■ ir.im  in  ffie  Cr  in>;  Riv.  t*  i- : in.  All  1!ii.-  u (■  ;l 
'"ust  be  i mp  I tviien  I ed  in  .mison  in  order  to  n.r-- ir-i  i biiiefits. 

(b)  Wildlife.  The  volley  preserve  w.Mid  provide  ! f wiljllt.- 
hobitot  and  hunting  .opportunities. 

(c)  S'-  itin.i.  ttLoe+inq  .in  the  -i  .n- ; hiver  and  t r i buT.ir  i ,-s  * .Id 

be  encour  rit-'d  bv  fhe  publi.  aecess  provided  tiy  trie  valley  rreserv-.-  . I I‘tlo 
or  no  'notorboat  i no  ■ r sa  i I bo.i  t i n.;i  would  be  rr.  vid-’d,  bat  .'irv'.'ina  ■ ' 
b.afin.i  .\.^ult  bt  i-rivities  wM  ''.ul'id  ‘ .vitf'r-  . I'’  pin'l  .I'', 

.anoeina  sb'.  -.Id  b"  t-noouraaed  in  th.a  iiisin,  in  part  in  rd.-'  t i>  i . ■■ 
pressurt'  trout  such  as  the  ''u  Aabde  further  nor'l  , .'.hi  " i: 

currently  btoivily  anood.  Estimates  of  boating  benefit',  app'-.u  in  sub- 
section (9). 

(d)  ■ .ePt'r  tl  Kecr-ca  t i on  . The  v.i  I I ev  :’nest''rves  .ir"  desi-ined  for 
lowv-koy  exts'nui neip.'ation,  r.ithor  fh.i--.  for  hiar-kev  inten  i ve  r<,>  rtcj  + i 'P . 
I i*llo  of  ‘he  I n.l  would  be  developed,  S'  that  u tivitie'  -.a.  ‘‘  i-  ipan'i 

I inlv)  .'.jmping  and  ( t.  .3  lesser  extent)  pi^kni  -Kina  w.nild  tend  tv-  be-  I 
n t.he  re,  I'tM  t i .or  nc-de-,  rither  ‘hn,  .in  th.-  intt  r.-. 'nnec+i  nq  v 1 1 I • \ rr<  a . 


A.  ti'.  ities  ,mD.!‘ibl.'  with  the  v.illov  preserves  would  inrliidto:  (P  f i shine, • 

(.  ) huntine;  (0)  bo.iting:  (4)  c.inoei  n.5 ; (b)  hiking;  (o)  tKorsebvici-.  :i,t‘-  ;; 

(T)  winter  sports  such  as  sledding  and  tobrogann  i ng ; and  (.A)  bird  wat.hing, 
berry  picking,  mushrvoum  hunting,  nut  gatherin.;,  and  rel.it<’d  ivtiviries. 

(e)  Flood  Dvimiee  Reduction.  The  .’oriing  provi  i-'n  ot  A,  t .''I 
'Oiild  eliminate  ‘ ht->  possibility  of  .in  increase  in  rur.il  flood  v!ani,i.;es  sub- 
.equent  to  IQf-i.  I ‘‘  is  t'stimated  that  the  prc'gr.im  of  .icqui-  iti  -n  w-ald 
reduce  rural  flood  damaqes  by  2b  Dcrcent  be  + wv-'cn  the  end  of  PM  md  the 
end  I'f  198-1. 

(t)  Fores  f rv . Fv'rc'strv  programs  as  desorit't'd  on  p.iee  ■ V-.  8. 
md  V-i'ST,  will  also  contribute  to  recreation,  wilvilife  hatit.i*,  and  ••r-vi- 
r.'onment.il  needs  in  areas  that  w -oild  be  devt'loped  .r;  v.tl  lev  i'l-  • ’’o  • . 

('f)  Muni,  i r 1 1 i t i •■'s  . ixteen  itit’S  ,md  stneril  vill  m-  ■ '-ivi- 
river  frontaqi'  which  could  be  intenrated  into  the  v,i  I l.-v  pro'i.-ive  - v .er" 
tbroijcjh  mimi.ipal  i n i t i 1 1 i Vt-> . The  sixteen  citie'o  are  presenM-’d  !•  I v%  : 

[tel  linn  (lonio  ’ounty) 
fast  1 in'  i fin  (Innham  County) 

[ )ton  l-Tipi  ! . (‘aton  '.'urotvl 


f ei  rv‘jt)urg  (Otijwj  County) 

Grand  Havon  (Ottawa  County) 

•rand  Lodoo  (f.aton  County) 
rand  Rapidb  (Kerit  County) 
orandville  (Kont  County) 
ot'eenville  (Montcalm  County) 

Hastings  (Barry  County) 

Ionia  (Ionia  County ) 

LariL.ing  (Clinton,  Eaton  and  Ingham  Counties) 

Lowell  (Kent  County) 

Rockford  (Kent  County) 

Walk.'r  (Kent  County) 
wy,  min  i (Kent  Counly) 

■ ■ '.•■veril  vill  iC's  which  could  be  integrated  into  th,-  valley  preserve  sy-:.'- 
; ' ,1.1-'  ‘>e  fo  I I w'  i nq  : 

DiamondaC'  (Windsor  Township;  Eaton  County) 

Freeport  (Carlton  and  Irving  Townships;  Btirry  County) 

I yons  (Ionia  and  Lyons  Townships;  Ionia  County) 

■'a,  le  Rapid'-  (LsS'-!x  Township;  Clinton  County) 

Midd  I O',  i I [ t'  (Thornapple  Township;  Bjirry  County) 

Main  (Ivons  Township;  Ionia  County) 

(Port  Find  Township;  Ionia  County) 

' !'  r'  ■ (Po-'-*-on  '■  wnship;  Ionia  County) 

‘ hc'  above  run  i ' i pa  I i t i es  were  to  pursue  a proqrar  of  acqu  i :■  i t ior 
[■)r<ble  to  til"  program  recommt  nded  for  rural  area-',  (in  comb  ina*  ion  w i ♦ an 
. "ec-^i','  municipal  flood  plain  ooninq  ordinance),  i+  is  estimated  that  IheN 
aid  a.hieve  a net  reduction  of  percent  in  urban  flood  damages  bv  e 
..n'  v'f  IRHd. 

('))  Federal  A -si  stance.  Act  C I stati>s  that  "Tu,.  -nr.i  .■  i,.n  wi.u, 
idranisfer  financial  program-,  ^or  natural  river  .ire.r 
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■ • Pt~‘'ro-T*'io’  • 

(1)  Pl.=^-  B for  Pecrpat~ion.  c’lan  B ' rocrcation  i c;  ct^nt.-^cd 

’'u’  0 j1  3h  I i r-hf"cn r cf  3 /a I lev  prc-derve  system  and  the  ec-jj  i s i t i on  j’l:  ••  . 

"'■T  of  nine  recrenticn  eroos  dIocoJ  at  straicgic  locciticns  along  the  vil  !••■,■ 

pro^'ervo  svstem.  Trie  v i I I e-/  preserve  systor'  is  propos-'’d  to  ox^en-l  .-il  • 
main  stem  cf  the  Grand  tfiver  from  its  r-outh  on  Lake  Michigan  to  the  vi.  . 

of  Jookson.  It  also  includes  portions  of  the  major  tributaries  o'^'hoi-  . 
upstrean  from  The'r  confluences  Aith  the  Grand  River.  This  systr-m  cc'-'r: 
about  T50  riles  of  'IcoJplalns. 

(2)  Valley  Prosorve  T'.e  valley  preserve  system  is  bn'.  • 

proposed  to  provide  control  of  use  of  floodplains  fn rough  coning.  0^  • ' 

450  miles  of  stream  v’.IU'y  on  Ahicn  such  restrictions  ..rrc  bcinc  prop'"  -j,  -.p 

45  miles  acuIJ  be  accuired  in  *ee  simple,  and  use  easement  ■-  A.jid  be  ac’.  i’^-  : 

on  on  additional  .'’00  miles.  It  is  estimated  f'lat  'he  lanes  accuired  I-  •- 

would  be  abou'  4,^00  acres;  -.asemonts  would  be  obtai^-  t on  an  2ddlti;r:|  J',' 
ucres.  These  areas  would  be  use.)  ‘■or  relativelv  I ow- recreirior.l 
supn  as  boat  and  ponce  access  poi''ts  to  the  streams,  i"d  hikina,  ; ! a'n  >■ 

and  nature  walks.  Tnese  areas  could  open  up  an  estimafef  T,2og  ^cres 
wat-:r  for  boating  orid  canoe  ina.  It  is  estimated  that  =n  additional  30.'.''' 
recreation  davs  of  opportunity  could  be  obtained  ■'hrcuch  this  system. 

(3)  Recreation  Areas,  'tine  recreation  ureas  would  be  deve''.'n.  _■ 
in  ccnjunction  with  the  vallov  preserve  system  to  acccm.mod.ate  much  of  tn- 
for  recreational  opportunities  for  camping,  picnicking,  sightseeing,  nprj- 
study,  and  hi  kino.  Beating  and  canoeing  opportunities  would  be  availv  I" 

'•he  existing  waters  of  fhe  orpnd  River  .and  its  tributaries  adjacent  f-c  • ■ e 
areas.  Since  the  duality  of  water  in  most  of  the  Grand  River  and  its 
tributaries  are  scheduled  to  permit  partial  body  contact  only  under  the  - w 
State  '.■.at-er  duality  Standards,  opportunities  for  Swim.nin.g  would  have  to  o-' 
provided  by  the  construct  ion  of  impoundmentp  on  suitable  tributary  strea-',.  .nr 
swimming  pools.  The  nir  • .odep  ,are  shown  on  Figure  \ -o . 

( a ) Portland  - j^rea  'j.'.  .I 

This  proposed  area  is  loc.a'‘od  along  the  Grand  River  beginning  at  the  upp.  ’’ 
end  of  the  Fortland  Tame  area  at  the  Ion  ia-M  I i nton  Coimtv  line,  md 
extending  upstream  fo  the  city  limits  of  Grand  Ledge  in  F aton  Gountv.  It 
would  contain  about  2,730  acres  of  which  an  estimj'-ed  200  acres  are  riv.jr 
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sur-f.ic-'’.  i^.is  jrpj  co'j  ! ;i  pr'vid-?  rcc  r.-' .!  icn  j I opDor+ur  i‘i-  ‘ ; 't, 

pi -p  icki  no,  :ncoinn,  t'C.i  r i o , jnd  thf*  r,.|  :to  J cctivitio'j  of  > i t S'^-- i " : , 
nature  study,  hiking,  hunting  and  fishing.  The  proposed  quality  standards  for 
the  water  in  this  soqrront  of  the  river  would  not  accommodate  swirling.  it 
rheoptir.al  Ic.r-I  of  --.'I  ■ n'-er  f , it  could  providu  ahout  {'70, "^oO  r-..-  •:■■■- 
days  of  ODP'.ptunitv  'o'"  ne)''|o  in  m.i  j'cunl  +he  Lansing  area. 

( b ) L^I  r - f>reu  ‘-o--- 

This  recreation  -roa  is  Iccutcd  al^:.ng  the  Ic.ver  end  of  Fisn  Crct-'-  .r  1 
the  "uple  Fiver,  beginning  at  the  lower  end  ot  the  ‘taple  ••■iven  'fj'e 
Go'nc  urea  and  oxienJing  dc.vnstream  no  -^he  Village  of  '-luir.  It  w.  ult  x-rjin 
about  3,000  acres  o'  which  about  200  acres  would  be  river  surface,  i ti  i ar’.a 
could  provide  opportun i ! i es  for  camping,  picnicking,  sightseeing,  natune  s^ud. , 
hlwing,  limited  boating  and  canoeing,  hunting,  and  ‘ishing.  The  prepcsed 
qualitv  standards  for  the  water  in  tn  i s se.h"’ent  of  the  river  wiul  ) net 
ac."omm.  idate  : I i no  . The  area  could  I I i "a  t I v acccmmcd  i*-'  an  es  f 
o00,000  recr.-atlcn  days  of  aefivity  prirjriiy  -or  people  living  i..---i..j 
and  north  and  west  of  tf>it  city. 

( c ) ...and stone  - Ar  . i_  ' lo.  ' 

Site  h,'.  3 is  locatcu  on  s snd  tone  CreOw  in  i-mpkin;  -and  Jandstcro  i w--  ' ip;, 
Jackson  County.  It  would  begin  at  a point  about  one  and  onc-nalf  milos 
below  the  V i I I ego  of  itinard  and  cenfinue  upstream  for  a distance  ot  about 
sevt'n  miles.  This  area  would  contain  about  4,500  acres  cf  which,  l?Q  .,:res 
would  be  water.  The  area  could  support  camping,  picnicking,  s i gh  i ,.-'>'i  no  , 
nature  studv,  hikin,g,  and  hunting.  Opportunities  for  canoeing,  Doatinc, 
and  fishing  .^•'uld  be  very  limited.  No  opportunities  exist  for  swim-ing, 
althougn  one  or  two  small  sites  appear  to  have  development  pctenti.jl  tor 
small  inpoundment , . It  is  Gstlna''ed  that  this  area  could  r''  .Ido  cpp.  f - 
ities  for  nearly  |.l  million  recreation  d.ays  for  people  from  the  .1  iCks.-  . 
Lansing,  Detroit,  and  inturvenina  areas. 

(d)  Low ■.  1 1 - Area  No. 4 

This  proposed  recreation  area  lies  aiorg  rne  Flat  r’iver  in  Vorgenn." 

Township,  kent  Countv.  It  would  begin  at  a Pviint  ,‘bout  cnc  and  i -n  , | * 
riles  above  the  Villag.>  of  Lowell  and  •.•vterd  upstre)m  between  throe  o' .a 
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tour  ’’lilfi.  urea  lios  across  the  river  from  tno  Low..>l  1 State  Garni.-  Area 

arij  ruin  I, SOD  acre;  of  which  about  200  acres  are  river  surface. 

Th  i u .ire-.i  coulf  prcvide  opp-ortun  i t ies  for  swimming,  camping,  picnickirig, 
s i .'.It  t see  i ng  , njr-u''o  study,  hiking,  fishing,  and  hunting.  Canoeing  and 
li'-iitcd  tcatir-g  w'.ul'j  ';|3C  be  av  u i I :blo.  About  one-hal*  '■'illion  fecreatlcn 
diy-;  of  ctf -.rt  jn  i tv  could  be  ri.uce  avuilatle  for  oc-ople  from  the  Grand  ^tapic: 
and  I cri  i j jreas  . 

( e ) Ionia  - Area  iJo.b 

This  proposed  a-'ea  would  be  an  expansion  of  the  existing  Ionia  Recreation 
area  „;nd  would  be  located  beth  upstream  and  downstream  from  the  present  area 
in  Ionia  County,  "^he  upstream  segment  would  begin  at  the  upstream  side  of 
the  I or,  i j Recreation  Area  and  include  the  entire  width  of  the  Grand  River 
va  I I ev  -.p  to  State  Route  66.  The  downstream  segment  would  extend  from  the 
lower  bo-undary  of  the  Ionia  Recreation  Area  and  would  include  the  entire  river 
valley  to  the  /illage  of  Saranac.  The  total  area  would  include  about  2,000 
acres  which  an  estimated  200  acres  would  be  river-water  surface.  This 
area  could  provide  opportunities  for  camping,  picnicking,  sightseeing,  nature 
study,  hiking,  fishing,  and  hunting.  Some  canoeing  and  boating  would  be 
-available-.  Swimming  facilities  are  being  developed  on  the  existing  Ionia 
Recre-ition  Area.  ’ ri  i s area  would  serve  Lansirg,  Grand  Rapids,  and  ottier 
citi-a;  in  the  ir-'iodiate  area.  It  could  supply  more  than  one-halt  million 
recreat  ion  -Jays  of  'Opportunities. 

( f ) Rockford  - Area  ho.t. 

this  site  is  i-ocated  on  the  Ronue  River  above  State  Highway  131  west  of 
Rr  :kford  and  would  bo  locateu  chiefly  in  Algoma  Township,  Kent  County, 

The  ares  w-uid  begin  about  two  miles  upstream  from  ttie  new  State  Highway 
131  bridge  s''d  w-jld  extend  upstream  about  four  miles.  The  area  would 
C' r 1 ; - ab.;-jr  l.aeO  acres  of  which  about  100  acres  would  be  water  surface. 
This  jre.j  could  provide  a limited  range  of  recreaticnal  opportunities  but 
canoeing  and  boating  would  be  minimal.  There  would  be  little  or  no 
opportunity  for  swimming.  It  is  estimated  that  annual  visitation  would 
appri.arh  •trO.OOO  recreation  days.  This  area  would  service  the  Grand  Rapids 
and  surreunding  ai'ea. 
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( j ) Dijrncncljle  - urea  No.  1 

Ffii  ■ ^m.i  I I jroj  is  located  along  the  Grand  River  between  DirncriJaG  me 
rhe  lower  enJ  .-f  ,'olumbia  Creek  upstream  from  Lansing.  It  would  inJui’- 
ib(jut  six  miles  of  the  Grand  River  Valley  and  nearly  two  miles  ^'f  '•.lum:,i  i 
' laek.  ihe  area  would  include  apouf  700  acres  ‘ land  w i fh  about  100 
0'.,res  ot  water. 

itiis  area  could  provide  a limited  range  of  recreational  activilic-.  in;.  I jdin 
imping,  picnicking,  and  some  hiking,  and  nature  study.  It  is  esf im  ; !•  i 
that  the  annual  visitation  could  reach  about  150,000  recreation  day. 
innually.  The  urea  could  service  the  Lansing  and  Jackson  areas. 

(h ) Plainfield  - Area  No.  8 

This  area  would  be  located  upstream  from  the  1-96  Highway  bridge  md  w.-ui  ; 
1.,-xtend  to  the  PI  linfield  bridge  over  the  Grand  River  in  Plainfirlj  : ,wn:  ■ ip 
nenf  County.  it  would  include  all  of  Ihe  floodplain,  tlong  about  six 
miles  of  the  river,  and  would  comprise  about  2,000  acres  of  wtiich  about 
too  acres  would  be  river-water  surface. 

Ihis  area  would  be  developed  to  provide  a broad  range  of  recreational 
activities  including  swimming,  picnicking,  field  athletic-.,  n.ifure  '.,  + u;/in.; 

iuitseeing,  hiking  and  some  boating,  and  canoeing.  It  is  estimated  tb  i' 
the  visitation  to  water-oriented  recreation  activities  would  amount  to  .it  'u 
t’46,000  recreation  days  annually. 

( i ) Grandvi  Me  - Area  No.  9 

This  site  lies  along  the  Grand  River  downstream  from  Grandvi  Me  md  w .u  I d 
include  the  floodpi  lin  and  adjacent  land  from  the  l.fato  Route  II  brid;<-' 
downstream  to  the  confluence  of  Sand  Creek  with  the  Grand  River  in  Kent 
countv.  It  would  include  nearly  seven  miles  of  the  Grand  River.  The 
total  would  comprise  about  2,000  acres  of  which  about  '^00  acres  are 
rivr-water  surface. 


This  jrej  could  support  o fairly  wide  range  of  recreation  activities 
including  picnicking,  field  athletics,  hiking,  nature  studying,  sinhtseel nq , 
Some  boating  and  canoeing.  Since  the  Grand  River  at  this  point  is  scheduled 
only  for  partial  body  contact,  there  appears  to  be  little  opportunity  for 
bwinmin'  unless  pools  are  provided.  The  area  could  support  about  500,000 
recreation  dcjys  of  opportunity  in  the  water-oriented  activities. 

( 4 ) Summary  of  Recreation  Development 
If  the  proposed  valley  preserve  system  and  the  related  recreation  areas 
were  developed,  land  ind  water  would  be  involved  Indicated  on  Table  V-I5. 
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(‘j)  -luitii’i.ir  V I'jbin  I'jeedb  Satisfied. 


lo'jl  ■ ot;ds  r. ’T  Jevoloped  land  in  the?  basin  in  I t-’h  jr^ounts  to  Itl  j.it- 
tor  j.sifTiin;,  35b  acres  for  boaf  launchin'j  ana  parking,  CS2  acres  for 
cjmpin:,  6//  acres  for  picnicking,  447  acres  for  parking,  and  56,000  acres 
of  rtOter  Surface.  Plan  P would  acconi''.odate  only  a portion  of  the  total 
1 needs  <i‘‘.  shown  in  the  fol  lowing  table.  The  percent  of  needs  satisfied 
is  coripared  to  Plan  A. 


Table  V-I6 

Summary  of  Recreation  Needs  Met  by  Alternatiye  Plans. 


Act i V i f y 

Proposed 
Ini f i a I 
Deye lopment 
IN  Plan  B 
( Acres ) 

i of  1 985 
Needs 
Sati sf ied 
by  Plan  B 

i of  I 985 
Needs 
Sat i sf ied 
by  Plan  A 

w i nrri  i ng 

3 

O 

59 

boa  f i ng  f, 

.^ater 

Ski  i n<j 

4,Q50* 

9 

42 

Camp i ng 

278 

4 I 

7I 

Picnicking 

2dg 

44 

73 

Boat 

Parking 

55 

I5 

30 

■ener  j I 

Park i ng 

59 

I3 

56 

'This  -!.  reaqe  does 

not  represent 

new  water  area; 

: if  represents  inten- 

i f ica t i on  of  f he 

of  existing  water  surface  on 

streams. 

v-ig. 


It  i ric  I udoJ  in  tho  Plaii  B Vd  I I uy  pru5orve  bystem  and  thd 

rticreation  nodes  are  properly  developed,  visitation  tor  water  oriented 
recreation  activities  could  be  expected  to  exceed  ‘'.5  million  as  indi- 
cated in  Table  V-17  below. 

i ;1  !•  , - I ■ 

t TI'.'.-.-;  ;i  I !■  ■ 1 ■ h t A.  -I  ...  A”!  'J  ...  : 
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1 M I 1 A 1 

Ui  t I'.’A  rt 

^ort 1 and 

1 . 000 

b'  r ,Gor 

‘■1  u i r 

t to , 000 

S.jn  1st . -n.' 

v/,',000 

1 ,0db ,000 

Lew.  I I 

|r,7_n,'  . 

‘ 1 , '0' 

lor,  i ,1 

Of 

■ ■•d.OOO 

:'i  - ■ ■ ,|. 

1 ■ 

o|  ii  r f i 1 

. . 000 

t d'  , 

: 1 1. 

l-.l.'Y  ■ 
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■’VL' 

^00,000 

300,000 
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r T ' - 

Av'.jr  1 ;•  :r,-  1 1 

■ Ji'. 

iliir.t  her’.i-f  I t ■ v 

n t ■ , 

A'-  i ‘ 
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' -.i.ios  .ind  Y . 

1 M . .V  . 
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* r : ' t ■ : ‘ I ' ' , ir  . 
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Estiraated  Avuragt-  Annual  Equivalent  Benefits  and  Costs 
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F i 5h  and  a i 1 d I i f n 


(I)  I ntroduction . Hi stori j I I v , the  funds  for  fish  and  wildlife  surveys 
and  management  programs  have  been  derived  from  fishing  and  hunting  license- 
fees.  Consequently,  i he  major  thrust  has  been  toward  the  provision  of  hunting 
and  fishing  opportunify.  Nevertheless,  many  non-qamti  forms  of  fisn  and 
wildlife  and  fheir  habitat  as  well  as  the  non-consumptive  user  (non-hunter 
or  non- f i Sherman ) have  benefited.  The  fish  and  wildlife  section  of  Plan  re- 
cognises and  inli-nds  to  give  equal  consi deration  to  all  forms  of  life,  both 
j^irTKj  and  non- jane,  as  well  as  to  their  environment.  Although  we  have  not 
projected  non-consumptive  user  demands  we  recognise  the  very  great  importance 
of  providing  fo  all  persons  the  opportunity  to  enjoy  nature.  To  ttiat  end  wc 
have  identified  wherever  practicable  the  benefits  accruing  to  the  non-con- 
sumptive users  from  the  various  programs  discussed  in  this  report. 

The  purpose  of  this  portion  of  Plan  B is  to  present  a general 
evaluation  of  the  present  condition  of  the  basin's  fish  and  wildlife  resources 
and  to  analyse  the  effect  on  these  resources  and  tfioir  potential  use  under  Plan 
b,  which  emphasises  the  preservation  of  corridors  of  open--:pace  (valley  preserves) 
along  river  and  streams,  and  various  other  moans  of  protecting,  enhancino,  and 
preserving  the  environment  for  the  use  and  enjoyment  by  the  public  1 si  perpetuity. 

The  fish  and  wildlife  Appendix  (n)  found  that  under  Plan  A,  the  proposed 
reservoirs  would  have  provided  substantial  fish  and  wildlife  benefits  in  the  form 
of  user-days  for  both  the  fisherman  and  the  hunter.  In  addition  the  nonronsump- 
tive  user  such  as  the  nature  lover,  bird  watcher,  wildlife  photographer , and  -so 
on  would  have  deriveq  benefits  at  least  dt)uble  those  of  the  sportsman. 

(^’)  Fish 

(a)  Introductiuri.  The  Ba-;  i n supports  an  important  and  variea  sport 
fishery.  Ihe  reci:rvuir,  lake,  ind  pond  fisheries  provide  panfish,  has-, 
walleye  an.)  perch.  the  stream  fishery  is  more  varied.  It  r.itiges  f''om  the 
tolerant  w irmw tfer  .pecies  such  as  catfish,  perch,  md  sunfish  to  the  coldwati-r 
species  such  is  brovik  trout,  smallmouth  ba-.  ;,  arid  the  jnadromou-..  fi.-hes.  curing 
the  preparation  ot  the  original  rep.m  ♦ , (tie  .t.ito  was  just  , '-'barking  on  ,m  ana- 
Jromous  fish  managemenf  program.  This  prorjr  jm  is  hi'ooming  i m rea-.i  ng  I y i -.por-t.jnt  . 


The  +'A  ) '^•'jor  deterrents  to  3 successful  ard  s-isfoined  sport  fishery 
in  the  Bd'..  i n /.jf.-'r  oualitv  and  obstructions  such  as  the  nc'ierous  la'r,. 

(h)  risheries  ’■•3^300'’ er  1 . The  h'ichioan  Bepartr.ont  of  Natural  Resources 
should  continue  to  c-"ohasise  t^-eir  cn-goim  progran's  of  fisheries  fsanagement . 
Increased  lienefits  hev'sj  those  projected  will  he  provided  through  expansion 
of  the  I '■■/'•.e  and  stroari  ri^*c!  oration  prcnrams  xhicii  wi  I I be  possible  when  planting 
stocks  are  avail.'.ble  frcr  the  propcsod  new  wurrwater  and  trout  hatcheries, 
hefieduled  i tup  reverent  s in  water  oyaliVy  will  Increase  the  supply  of  higher 
quality  •' i sh  populations  i ti  rany  readies  of  the  Basin's  rivers. 

The  Grand  River  and  several  of  its  tributaries  have  potential  for  manage- 
nerif  for  srallroufh  bass.  This  hiqh-value  sport  fish  is  present  in  several 
reaches  of  river  in  fhe  basin  and  will  increase  in  significant  reaches  as 
« ater-qua I i objectives  are  attained.  The  greatest  potential  is  in  the  naln- 
stem  upsvroa-  frotti  Ionia,  in  the  Red  Cedar  River,  Tlat  Riser,  and  Thorn, apple 
and  Coldwat€.-r  Rivers.  A key  factor  in  F,anaacnent  for  smallmouth  bass  is  f*'e 
rer.oval  ot  d.a'".,  which  will  restore  free-flowing  river  habitat  to  the  forriorlv 
impounded  areas.  *n  extensive  survey  of  the  river  bottom  soil  character i sf i cs 
has  identified  qu-ality  qravel  and  rubble  as  the  bottom  type  throughout  slqrifi- 
cant  portion.,  of  the  above  r.ontionea  reaches  of  the  river.  Ttils  factor,  coupleo 
with  oo''d  riv---f!ow  characteristics,  provides  excellent  ^-abif.^t  for  smalimcuf*' 
bass  i"'d  ofn.^r  valued  sport  fishes. 

Ttie  ''■rand  River  E-iasIn  has  several  excellent  small  trout  streams  in  the 
central  and  lower  segments.  The  area  of  trout  stream  tributaries  is 
genet  j11\  from  Fish  Creek  (tributary  to  the  '-'aple  River)  westward,  wi*n 
ttie  more  irporfant  streams  on  the  north  side  ot  the  Grand  River.  The 

significant  trout  streams  are: 

I . Fish  Creek 
2.  Prai rie  Creek 

t.  Rogue  River  and  several  tributaries 
4.  Sand  Creek 

Intensive  management  through  control  ot  competing  rough  fish  populations 
will  enhance  these  fisheries  and  extend  the  opportunities  Into  the  lar^ger 
tribu+jrics  as  wafer  gualify  irprovi'S. 


V-I9b 


Thi  ;r,  !.ir  * i jh  pr"- ;r  in  aiM  pr  i -■  H'"  '':r<  ost  .jp.pcr  P jt' t * v •.  r 

-.p  I'  'isriii.j  J.  vL  !op;"cnt-  i:;  the  Gr^n^  ■•i.fi  i'.  T'w  pr  i nr  i p.i : i -r  ■.  f i ; - 
Mill  De  proviJed  through  hatchery  maintained  runs  of  coho  and  chinof*. 
salmon,  * i th  naturally  rjstained  populi'ioiia  of  sif.- 1 htijd  as  an  additional 
. o;  .>rf  ij!»i  ty . a iisnary  pr-vid’)  : t ,t'  f iJuh  ron  it,  1',>  'jM 

I )70  I 'lan-.rrat.'d  f oa-.  i i,  i I i ty  ; tti-  ;"a  i' ■ , nt  proir..!!i,  . i •. 
prosonr  : :r  '■  j ;s  fisn  ranu  are  pr.-veti  tud  Tun  r-  Lt.ir'd  i n i i i - • ta.ih' 

tt,..  .r  .n-i  it',  T i hii  t ir  i • • .V  .'ii'i-'U-  d-iP.:  on  fh'  ,i  i nsf  tilt. 


:ht:  Ur  1-,  ; Ki  wt  rid  i 


.1"  . ; I i ; .in 


T i L'u  f ir  i ■ 


jrdy  i-'  •■il"  -■  > fl'o  main^fem  i,  jikn.rrudii 


anajr.  I'lout  ti  'f'  sp-iAiiin; 


'viarition  at  r-ra-,.'.  n ' . A few  aduii  coha  ..  . .-t-sf  u I I y neiofiifr.i  ' ttni 

K,!pi,ls  Liam  .irid  pravi.Jed  a fishery  bei  -w  tnr  d.im  at  Lyons  in  1^70.  Ip.piemen- 

r.ition  OT  fh'-  ,!  ;rt.  r.tmoval  and  passjij.''  f-ailiiio-:.  proaram  will  'pon  m 
addiii  anal  0/  ''til-.-a  .tt  tin,/  Grand  Kiv-.  r — I iranij  Lod'V  , ,;nd  mil'.ts  -'f  +tu 

i v,.r . 40  mi  !•.•:  '.f  the  Thorn  ippl-.-  Mver,  •'.O  " i I • ■ ■ jh"  .'l:w..i>'f 
I iv  I , 4a  nil.-:>s  .1  the  Flaf  .■ilvcr,  at,j  soveri!  -.il.",  (if  trcuf  in. lily  .r-illcr 
!ri:  .Try  i.Hu.irr.  A fat,il  at  'jV('r  L/v  -ii'-r  of  ,,vUnM.I  -.viiit,(ni  .inJ/wt 


A iMt,!!  at  -jV'.'r 


I'n'.ui  liyer  will  f.-  aviilabl'.'  tar  tain  re.  ro,j1  i v.n  : 1 fishin:  . t'r.iti 
i-  fh(.  Grand  i\iv<'r  uosin.  Substantial  milaa,ies  (.t  v,)ia,blo  spawninn  at. a 
roaring  :>tT(,'.ims  will  be  .tvailablc  fo  chin.aoK  and.  whore  suirm.-.T  :,tro,n 
temporaturos  permif,  coho  and  dtct  Ihead.  hiturally  ref  i\'d(j;,cJ  an,j,;r, nj-. 
s jl'’..,'Pids  ir-  expected  to  merely  supplamtnt  na  tohary-rea.rod  fit.h,  nat  ttioy 
may  providti  appreciable  local  fisheritt'  ■ ti  S'Ome  ai  ttu-  fributary  siivam',. 

i.aitis  and  the  result  inf  impoundments  are  ni't  ...Knpalii'lo  wifh  1h.  itci(- 
non-ione.i  amallnoufh  basa  manaaenenf  abje.  tiy.  . n-'i  they  infil'it  ar  (irw  Ui.]« 
rea I i .M  f i on  of  anadromous  fisheries  ob jeef i ves  fo  an  even  areater  oeatee. 

ItK  r'OmC'Vj  I of  ..t'rtain  d.iins  iiu!  in-.till  ;li'’n  ‘ t t i ■ ii  p,issa'ie  t,i',iMti' 

o't  ofhers  will  prov  i do  -subs  t an  t i ,i  I spor  ‘ ' i • iiery  l-.'ncfitr.  Tiv--  .l.i"  ■ Ii  VI 

in  rat’l-'  V-:  !fc  of  pri"  iry  c ai  ern  in  the  ,m  i 1:  rajs  fish  pr.- ’fan-  . 
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rot.il  cost  would  include  .mnuul  ^ 
of  structiir.-  ''  *,  “ 

Sc.' J i '■ '.nt  r-..''uv:i  or  cor.irol  c<. . rs  nor  i-c'i-c’.ui 


' ‘ ■'*  t‘-'  pr '.-.r.!'’;  of  fish  p issooc  .nnd/cr  ; i-  rvoovol  'w ' I I 'o  • - 

fr."'  “o  f i ; I "IX  of  PI  - ;,ip  vs.  ‘ t"  ro'^ov.:  I . T'lO  o'jrr’''"t  host  'u  ■<.- 


r -*  ir.tici*-  I *■  v.-’Ul  ■ O'  -'lit  in.  t i :.t^  PJSSiOi'  .'osts  Ot  • f ^ ' inp  ij^,rr 

r - Vil  cos's  ‘ ;‘'r’,000. 

The  f II  rsvT  I Ip  ition  of  th--  nn  i iro'^our,  fisheries  potential  i •'  the  Orj"'j  niv< 
"M-in  will  ppn...ije  ?7';-,0f'n  rnqler  "uys  per  year,  valued  a+  ? I . _ opp  ^np'ualK. 

' il-t  ,j!li;\’  P’ i in. ! t i . . A||  rt.iter  - do-. ion. i*.!  s-r  f. 

' • i ; . > t • , ,'MSt  ' V. t ‘ i c'M-  ; ' r t ■ .‘11 ' s I i sh  i ti j : ,a  ( a,  t . i ’ , i ’.in 

II.  ■'  * • I n .• ) i|y  (p,.  i'ir,.  t s 't  the  Mi'  hi  Mil  i(>par  ‘ 'Pen  ‘ ,r  I 

i'  . i I I ■ pr. ' te.  I I’.l  f T I '.  I " I t-r  .III  t I i > h , . o I .iw  1 1 ei  -..pe  i t ■ I t re  . t . 


..ion 


Tho  following  wiTi.'  rr:viJc'(J  t . ih.  : ;r.  t- t (• 

a..  I of  .N.itunil  i . ns  for  w.jfur 

Jeslgnatlons.  Those  recornfnenddT ions  whicf.  ore  "coldwator  species"  are  accepted 
by  the  Michigan  Wat€T  Resources  Commission  as  directors  oc-si  gnat  ions  of  Trout 
atr earns , to  be  so  protected. 


a.  Grand  River  should  be  proleuted  ter  fisi.,  i nTemi  c i of.  ■ species, 

except: 

I.  The  me  i r,.- Tern  upsTr-^an.  fr:rr:  i.t,i.--.  |ir;cin  ' - j;  • , .ir- 

tnrounh  ciry  .:!■  Lan.Jn.;  an:, 

7.  Thv  r',ain..tem  from  tverr'.  ■ . i,;  (Ce...  I',  Ti,,  Rliv) 
tht  i.  i f , (;f  Jac^son  ...liould  t'O  prot<.-ctea  ttr  tie  , o.  i . 

. . Gra  n.j  r . i vor  i r i b u ta  r i es  should  be  p ro  t e e t cJ  t r f i ^ r. , i n t er^  * ‘d  i a te 
pecies,  exc-.  pt; 


I J A . : . ! t . i < C I I 

- ' ' . i . , . 


I . ' . Jrr  i 'V  r L ■_  K , s f t-: v-  .n  * - v • k i * t t y ' l ; t .yvi >■  r 1 ’j"! , jr  i • 
rn:  utarv  to  Spriric  L.iKc  sn^Ud  be  pre.i<>;Te-d  r..r  fish,  ..sidwater  ,.iei... 

I I yo's  .«  rm'  , f'OI  .iti-''  i . — I a,  ; 

Hot,  iiisot, 's  .■.iv-e.  trib.it.ai  .se^jld  pr.,.G.*  d twr  fi 

0.  c I 1 ; ,j-  I r,  i e r i n ; j : , . ...  ,•••.,  r, ; ; 

protected  for  fish,  .oiswator  spa;- i ■,'s  . 

1.  (.t  eeh-'ry  L r of-K  - 

(a)  Th  ■ rna  i n .tom  and  1 1 i te, ; . ;r  i .e,  t r c-  r-,i 
T9N,  RI4/,)  lo  the  ..ci  ty  I in.;  ulc  be  pr.-i.-f.-i./j  • i ri-,e,  coldwater 

spec  i o., . 

(L>)  .-.ie  iTrar.d.  I nee'r.  up,  fre.iri  tr-.r  ;■  I jC  ''H.'r  ih  ,ei  (T->r.,  Kl4w, 
Sec. 27)  and  Iributaries  snould  be  protect.;  J r.a  li  t. . Ijx.;:.  r ,p,  ; i...;  . 

(c)  Santord  iScc.  I,  T.Tf;,  L iwr.'ncf  (tec.  •'I,  T9.N, 

RISiv)  and  Tidioufo  drains  (Sec.  il,  T9tJ,  f;|4;v)  shejld  be  prct'.ct.’d  t,.i  fi^h, 
rtormiv.  iter  species. 


* Intermediate  specie.s  - Fisheries  Division  recommended  a water  use  desiKnation 
for  species  such  as  smallmouth  bass  and  walleye,  which  have  hahit.jt  require- 
ments more  demanding  th.an  most  warmwator"  s[H'eies  but  somewh.at  less  c'ritlc.il 
th.in  most  "coldwater"  species.  Waters  rocormiended  as  "rnteniiediate  specie;." 
waters  were  placed  in  tlie  "Wannw.iter  Intoler.int"  category  by  llie  Michigan  Water 
Resources  Comniission . 


IIMU  djoU  Ltc-.k  Trom  SfC.  zO,  ir.,  HI4;,  „p.tr^=un. 

. - il  - pr'i- 1- r^r  li^-.,  .-.ar r:,v,j1er  :,pijcio:a  jri.,;, 

(t-)  lM,/u‘r  TTurn  Sec.  ■,  Tc.'.,  HI-'.;,  lipstreur-  shCulJ  b--- 

protec  feJ  r,.f  Aernwjti-r  species. 

enr:ufii.'(j  ti  il.utjry  ent,.(iria  Sec.  6,  T7P,  R14W  ::.no.j|a 
pro  Tee  I wC  tor  tiih,  CO  I Jv,  iter  spec  i os. 

/.  (j)  Leer  LreoK  one  trioutar  ios.  Rush  ero-ok  onj  Tri:^tori*-o 

ou.K  upstreurn  rron'  - bth  street,  S.r...  onu  all  tribuT.rieS  to  buck  Cr.,.o^ 

last.r  i.r.'.T  and  tributai  io..,  Inoien  Creek  and  iritutaries  and  Lambo-rten  oi  ■ 
unc  iriLuiarios  ,noald  bo  protocTeo  for  tish,  wanr.vater  specie^. 

(b)  ,'uck  Lfoek  from  junction  nith  ^ t atid  Kivi  r upstrcafr 
ro  uorfi  Stieei,  uhoulu  Le  protected  tor  risn,  col.jwaTer  species. 

• oek  erit'.r  i ny  in  Sec.  il,  Idl;,  i.ll/.  ana  all  IrituTari', 
...Oul„  L.  prot.i  j for  fid;,  joldrtater  species. 

. -ivcT-  and  all  tributariuu  exee-pt  hickory  Creef  and  i.  . 

'■  i‘^--'i  , otidinaiiny  in  TIOL,  Kl..',,  acc . lb  and  eoc.  r,  and  r'C,  I I 
;ec  Uhd  _.o.  . -4  should  be  protected  tor  tish,  coldwater  ape.cies. 

Ic.  Oe  .r  ofeek  •■literirUJ  at  SoC  . 2\  , i ok , l\l|..,  L|,:/pi  and 
- ;■  . ol'-'eK^  and  .11  Ilieir  tributarie'S  should  bo  protected  tor  1isf,  IJWater 


['■Cie:,; 


II.  i hornap'p  I r-.  iver  tribularie;  : 

la)  CampaU  Lake  Ul'a  i n should  be  protected  tOr  tish,  ._ldv,  i: 


(b)  Co'ldwitor  Kiver  and  t r i b..  tar  ies  : 

(1)  Upstreat'i  to  ttio  Kent  County  litie  .noulo  be 
ri-'teeted  for  tish,  eoldwater  speeios. 

(2)  f ror,  the  Kent  County  line  ui^stroam  to  if.  coni|  ..  n 

'''  '■'I--  Tn.  rn...p(.  I . ■ and  the  Little  Inornapjle  iviv<r  to  its  -.on  t I uv  riet  ..  i 

I • c,  I.ak.  d ,ld  b...  prt.;et-i  fop  f I sn , intctmcdi.to  specie.. 

13)  All  other  iributarics  to  the  Col  dv,a  tei  Kior  r .,.| 
ff'.’t'-  ‘ t h-i  t i , V.  itrukvater  species. 

,c)  Hanna  Lak.  Drain  should  be  (I'-otected  ter  fish,  rtartTvsatci 


(i))  Ouncan  Preek  and  its  triLutaries,  urstrea''  f ror  its 


confluence  with  Thornapple  River  (Sec.  15,  T4(J,  fMOV,)  to  its  unction  « i th 
unknown  tributary  at  Gazbow  =ioad  (Sec.  16,  T4N,  RlOW)  should  be  protected  for 
fish,  coldwater  species.  ^ rom  this  junction  upstrear  to  ' uncar  Lake,  it  and  its 
tributaries  should  i'o  protected  tor  fish,  i r tern-fjo  i ute  s.icies. 

(c)  Lakur  Creek  t ror  its  r^^'ljprce  v.  ■ f *‘-c  fnrrnapple 
River  (Sec.  16,  T-5‘;,  f-iow)  •ia.'er  L.iKt  sh>uh'  : i-  ’r  ’ecti''  ' r 'isn,  C'  l ..«ater 

s i ec  i e^  . AM  -tht  r ' rti-ns  of  bd>scr  Creek  unti  ir  t r i ^ ' :r  I es  .h':ulu  be 
; r tecttic;  ‘i  r f 1 a-,  jrrw ater  species. 

1 xcept i OPS ; 

Jeep  Lake  Creek  ‘run  its  conMut.-rco  ■•Mr'  Baker  ree><  (Sec.  5, 
op,.)  -f-Q  ,ectIon  line  of  sections  i 4 and  C^  should  re  rrrtected  tor 
tijs,  o3ld..a*‘-r  species;  and  trot',  this  point  to  heo'f  Lake,  i nt(!rr-edi  ato  species. 

(r)  >iill  Creek  fror,  its  confluence  with  the  Thorrapple  fiver 
(Sec.  ?.  T5N,  R1..0  ...jIg  :-e  protected  :cr  fish,  cr- 1 dv.  ater  srecies. 

(:)  G1  !5S  Creek  and  its  tributaries  t ror  its  con f I uence  w i tn 
t>u  ihoT'':;::  I " i ■••■.■r  (sec.  I,  T!.:;,  • P.',)  uid  ‘r  ■ i-otected  <or  Msh,  coldwJter 
5 r ec i cs  . 

(h)  Cedar  Creek  t ror  its  conflurnce  with  the  Thorn  ipple  Pi ver 
(Sec.  2d,  TT'(,  R8w)  should  bo  rrotoctec!  tor  Msn,  cr  Mf.iatr  r 'p.ecies. 

(I)  i..uok^  'n  reek  ‘ror  its  confluence  with  t‘'(;  Thornarple  fiver 
( rc.  3d,  M3f,,  d'T..)  '.h.-iuld  fe  pr  tpcted  f.  r fish,  ccldwet-r  species. 

(M  udKCT  l.rccw  trer  its  confluence  * i th  the  'hornarpio  Piver 
(Sec.  55,  T5t(,  R7W)  should  t)e  rmotected  for  tish,  c I fwater  species. 

(k)  All  other  tributaries  to  the  Thornapple  ' i ver  in  Barry 
County  should  he  protected  tor  fish,  warrwater  species. 

12.  L!nnp)rcd  tributary  enter  inn  in  Sec.  1“  (west  side  of  river) 

T7*.,  RlOW,  should  Le  protected  far  fish,  coldwatcr  species. 

I'.  Unn.ired  trilutiries  e'^teriri..  in  .eutions  ',  ■,  lh  and  M of 

T6N,  R9i*  should  t'C  protected  for  fish,  coldwater  species. 

1 .1 . M at  f’i  ver  - 

(a)  We‘st  'frjnch  Cre>ek  enferinc  dec.  d , flJ'.,  • r-.‘.  urstrean 
frofT  Dickerson  Lake  'oad,  butternut  Creek  upstrearr-  t roo  Lincoln  Road,  Sec.  5d , 


■v 


V-201 


'i  Oa  in,:  jT • i 1 • I i 1 t • r i ng  , 1 I I ■ u k:  - ; r-  * cc  ' ■ : 

fcr  c -lev.  Her 

(li)  Jickorson  ■ reek  .inO  Tri^ut,jry  eriferirr  ’ iicerion  I,  T ti'J , 
■r<  ets^rt  -r-  t, , t'Oio  3k(  ulo  be  protected  for  Msn,  _ lf;vMt<  r - e'^n'rc 

fr  n oTOa  1.  t' e r Hr.tc'f’  ene  tr  ip  ut.ir  i 05  j'lrulc.'  Pc  rr.-  rccfi,':  *'  r ti’',*',  -r"  - 

■iter  .pecles. 

I . Jnrijf'.e.;  'rib.r  !Tv  entering  in  >,  , ■■■■  ereei, 

>n  I u' ■ He;  tributdri-'r-  enter^m  in  bee.  27,  R7.'<  sheulP  b«‘  r'‘  i-Htei 

‘ * i ;.n  , ■ , I •*  iter  nee  ■ !■  • : . 

Ir,.  Bel  la”' .r  reek  anj  P ri  bet.!  r i es  upstream  to  bell  i"  v ‘Hjc!  Sh'H  : 
be  pr'etecto!  ^or  r-ish,  col  'w  iter  species.  Upstream  from  ■leliar'v  R lad  sncu>  : P'O 
pr  •'oe*’et  ♦ ^r  fish,  warrrwdte''  species. 

•7.  Sessions  , f'rairie  Creek  and  tributaries  should  be 

precepted  ‘or  ‘isr,  colciw  ‘‘‘'r  species. 

I . ‘t  )p  I a f.'  i ver  - 

;,i)  rish  ; reek  and  tributjri-rs  upstream  t rom  r.ir  son  .'i‘.  i 
V.  I ■;  rj(.  p to'i  tor  ‘ i sh  , CO ! dyr .-i ‘ e r species. 

' ■ .e  'ns.'k  t.'r  (t'ring  in  be'.  ' , T "j  , >n  ...I  ) ■. 

; : d . . ‘ ’ Of  • I fi , • : er  epp'-i  (>s  . 

■‘b’  s'-em  ,in:l  ! f iu  jt.ii'ieS  upst'ea"  trfiiv  .i  ' ■',■■■.1  ; tf 

r ’ ■ e . I n 1 I,  »r  ‘ i 'h  , iva'  " A.rtcM'  jpp.  I . ‘ . 

I''.  ''  mjstone  ifeek  enterinq  in  sno  . I , I p',  i,'’,-,  auiu  I ; ne 

for  ‘ i sh  , ''oldwuier  see  ies. 

(d)  on'-- 1 us  i ons . t'lan  A had  target  years  ot  I960,  2000,  and  .’020. 

injr'r  P I .in  k' , the  target  year  i 193b  i nsto  id  ot  1930. 

It  ^ra  ; tound  that  435,700  days  of  additional  fistiinq  opportunitv  « I d be 
required  to  mofH  demants  in  1983.  it  was  projected  that  or-qoinc  pr-gri'-  ^ uid 
provide  '.,‘'00  fishing  days  leavina  ^86,000  days  of  unsati  , fil'd  fishinq  J.^r-and. 
Tte  eli'^'ri'P'n  of  'he  i mpoundr'ien  ts  propop-t  d under  Plan  A r-'presi  ' ‘ a I f 

a DoterCial  ot  y i,  , '00  day-  of  fi  hinq  opportunity  (Table  V-22).  This  le's 
will  be  par'iaily  offset  by  the  higher  quality  fishing  which  will  develop  if  the 
prograrhs  reco'hPiended  In  Plan  B are  fully  implemented,  Howeyer,  fewer  days 


fishing  -will  t/O  provided  urider  Plan  B. 

1+  is  estimated  that  665,000  days  of  fishing  opportunity  will  be  re- 
quired bv  I0^'‘'.  Proqramn  outlined  in  this  portion  of  the  addendum  could  meet  a 
sub'jtant  i I -..rtivn  of  f i ..  df'-K'!.  Plans  to  intensify  on-going  programs  in 
con  i'jnct  i T'  with  pi  ms  adv  meed  in  '•'his  section  will  provide  I .0"'  ‘ic‘i’'g 
d IV'..  P"'  j ■ -r  I iesi'ribi.  : t)olow. 

Th‘-  r-  f ;ain  i-  '' i ■ h.?r'-':r,  divs  whi.-h  will  result  fre^  oern-.s  pr.:vi  ' 


‘ i h.'r  I •• 


: :,i’‘-'d  ;•  h'-r  t m-i  v 1 1 I • preserve  f—ri-’,  md  i'^cr 

PI — :r  , .V  i M )U'  • -^o  , 000  f irh'-r'^in  P;-.  ■ -r 


1 -n  ;-Mj.l  -•  • fi‘j  for  w.jr'-w  :ter  .jr ; trout  fi'jherl-'  . 'h  ■ m:.r 
f i sti  i > • • * i • - ,%ni  h are  realirel  t'rouch  me  v;ll--v  preserve  r'ior"  r tr 
access  rrovi''et  t-a  str-*  am  fishim  on  the  r i t .j  * ,aries  amounts  |':  PO'','  o flshe'"- 
m.an  1 ivs  nor  -/ear  a"  t annj;|  benefits  of  ;500,'''^0. 

Pa  I :u  I * ie-'  • ':-^S  I . 

(K'd5'  - W3r".v:t’’r  =*nd  trout  --O  an.ni'r  iava/mi  ^ ■t-'C  mi  w S I . ' /arc  I ■ ^ • .v  - 


(?''■?■?)  - ..  ,r" m-'-r  in!  trout  1'^''  anil-’-r  d *vs/mi  x -150  '’■•i  x •1.'^'  d-  ;l-r-J;,'  = 


S I I , . ^ 


(6'^,50C  angler  .lavs) 


■psortun  i n.--->d.->  j ; ioq-- 

V a I I •,  V pr-' serve  a."«  - s m 
'■  ma  •■■nt; 


i n ■ T’'  'is  ’ t 


■>r— water  and  trcu'‘  ■!  h-'r 


h.hh^OOO  P-i'VS 


. S.  ngo 


IJns  iti  s t i 'd  • 


5?'"',0i;'^ 


th.-'  pr  ‘•^at  "P  f-  rs  the  : t pro"i'  ■,  and  ,a  I * ;i  pn 

lit'"  . I ‘ : r :b  I ■ r-  nu  i ri  n a her  ! e-o  i , I m - , i th  i r wh  i c‘  r^  co-'"--  n ff- 


‘ • r-~- va  I 


I'.  ..md  the  installation  nf  f i eti  pi 


oth-p's.  T'  ■ , i‘  fuMy  i "p  1 e'".,m  t.- 1 w.'ul  ! add,  fiohina  epper’  ,-it|. 


First,  it  would  provide  unudromous  fish  runs  up  s i yn  i f i oorit  ro-jchc-j 
or  the  river  ond  its  tribut  ir ies.  Second,  it  would  restore  '■lojor  re  icnes 
of  the  river  to  o free-f lowing  condition  in  the  vicinity  of  existing  gravel 
and  rubble  providing  a higri  quality  fiabitat  for  smal  Imcauth  bass.  Tht  full 
Implementation  of  the  fish  passage  and  duii'  removal  program  in  conjunction 
with  th«^  jccess  provided  by  the  valley  presarve,  recreation  nodes',  and 
on-going  programs  will  provide  an  additional  275,000  fisherman  days  tor 
anadrorious  fishes. 


Remaining  unsatisfied  demand 
Fish  passage  and  dam  removal 
Unsatisfied  Demand 


529.000 
-275,000 

254.000 


The  smallmouth  bass  and  other  quality  sport  fisheries  resulting  from  the 
restoration  of  major  reaches  of  the  Grand  River  to  a tree-flowing  condition 
would  provide  substantial  additional  tishirig  opportunity — perhaps  enough 
to  make  up  The  defiuil. 

A mix  -)f  Plan  A and  Plan  0,  combining  portions  of  each  plan,  could 
produce  a fisfi  and  wildlife  program  superior  to  either  plan  by  itself.  It 
is  possible  to  have  i cornplofp  valley  preserve  and  f rc-c- f I ow  i r,  : r-iv-.t 
sy  .t'TM  and  still  incorporate  some  of  Plan  A.  Oft-^trear;  impeundmen  fs  (jii"  ; 
artau)  and  small  i mp'\indrnen  ts  on  certain  tributaries  would  add  a'_- ura;  Iv 
TC  the  vari'l,  and  quantity  of  both  game  and  non-game  species  of  animals. 
This  combined  plan  would  ilso  pr^.vide  a significant  war'rnwutoi  and  pan 
fishery  as  well  as  a quality  . .Idwater  fishery.  Uy  careful  planning  and 
■.;ocrd  i nat  io(.  with  landowners  and  conservation  groups  the  combined  plan 
could  be  implemented  in  a way  tfiaf  would  enhance  the  biological  productivity 
and  aesthetics  of  the  Grand  River  basin. 

(3)  W i I d I i f o 

(a ) Wildlife  Resources . The  Idas  in  is  rich  in  wildlife 
resources.  Species  of  primary  importance  are  the  cottontail  rabbit,  tox- 
,quirrel,  whitetailed  deer,  dabbling  ducks,  Canada  Goose,  Gre stcr  Sandhill 
Crane,  ruffed  irousc,  and  the  ring-necked  pheasant. 

Althougn  large  areas  of  the  basin  are  intensely  farmed,  in  other  areas, 
farming  is  declining  and  former  crop  and  pasture  land  is  idle. 


V-204 
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I .lii'i.-..',  l>ir-to  rooions  of  the  basin  arc  poorly  drained  and  are  occupied 
ly  I it  lu  dcroa  )os  o<  wooded  and  open  wetlands  interspersed  wifh  hills  and 
ponds.  ConsequenMy,  the  trend  of  habitat  secession  is  toward  forest 
ii'ii"  il  • su._h  Uj  doei  , -irouse,  and  fox  squirrels. 


t.i|  lowin')  is  tli.'  current  situation  in  gamL  populations: 


Cottontail  i<aDI)if 
iVh  i t'  — t . i I ed  Ueer 
iterrow  I 

Ri  nq-nocko.)  i’heasant 
Fox  squirrel 
Ruffed  Grouse 


Steady  or  Increasin',: 
I ncrea;  . i nq 
I nc reas i nq 
Decrees i nq 
I ncrcas i ng 
Spotty 


: wniti-riiled  door  has  been  increasing  rapidly  wilh  a southern  Michigan 

f ,11  p.'pulition  now  estirttated  ,)  f 100,000.  Ttic  Grand  River  Basin  compri.-.-L 
1';^  or  ttie  southern  Vichigan  deer  range  and  is  estirriated  to  pr  .ducv  40;.  ^.f 
thi  p'.  'il  ttion,  or  40,000.  Approximately  SO, 000  hunter:  kilD.:  1,^00  > 

in  the  -auin  in  1970  while  expending  250,000  deor-hunter  days.  itii.  aroate'>i 
aoncenir  it  ion.,  tit  dei;r  are  found  along  the  wooded  water  courses. 


i he  cotton-tail  rabbit  is  the  number  one  game  animal  in  terms  of  ftic  total 
huntiri'j  et  fe-rt.  lh<-  fall  population  of  tti  i s animal  is  estimated  to  be 
distributed  ju  follows: 


Good  R.iti'ie 
Fa i r Range 
Poor  Ranpio 


I rabbit/2  acres 
I rabbit/ 3 acres 
I rabb i f/5  acres 


I0-;  -1  Bari- 

50«  of  ‘'as  in 
40»  . t Basin 


.,i;  Ih'.:  pheasant  is  falling  off  in  numbers,  there  are  still  'lO'id 

tiunt'i  It'  popu  I itions  in  Ottawa  and  Ingham  Counties  as  shown  on  tiio  ( '•  i.-a/.  in  I 
Licnsiiy  Ma[i  (‘“i'-rare  V-20). 

ihe  i-iand  Kive--  | a , : ri  is  'in  outstanding  w.iterfuwl  breeding  around.  Iha 
i.ar.idi  U-o,e  iri't  ttn  following  ducks:  the  mil  lard,  blu'-wingod  t'oal,  wx'l 


E 
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The  bas  i n 


, .'1  : : I .K  h -Jiick  ePt-  proOueed  in  s i gn  i f iccint  numbers. 

th'j  ..Miter  portion  (about  1/2  of  the  total)  c.f  some  of  the  most 
i lifiv  Aii.'rrowl  habitat  in  Michigan  and  is  one  of  the  ir.ost  important 
ii.  ’t  A' I pr'.-duc  ill';!  areas  in  tne  Great  L.jkes  region. 

’ xi'  I'.^iy  1,000  Canad.j  goslings  are  raised  annually  in  the  Portage  Lake 
'•  : i'.  th<-  ' r tneast  quadrant  of  Jackson  County.  Thi  , could  be  raised  1o 
u'lj  r AiSrti.  rtl  manage'uent  programs  ucing  pi  .nned  by  the  State.  the 
a^re  perrianent  wetland  or  "Wildlife  flooding"  on  the  north  side  of  the 
i;  :■  ivo''  and  abuttin)  tt;e  fast  side  of  Route  27  in  (Ora+iot  County  is  a 
I'.y  r.da.  r a Mallard'.,  I' I ue-w  i nged  Teal,  and  Coot. 


:t  : i-iogists  have  identified  and  delineated  (see  Figure  V-ll)  eijm 
. nris-rity  waterfowl  production  regions  as  listed  below. 

Waterfowl  .vet  I ends  Complexes 
F i rst  Prior i fy  Areas 

,.a  - - Tf,.'  f\-i  t ige  Lakes  Region  is  located  in  Jackson  Loanty . 

• : j.j  fh,-  jrea  in  the  vicinity  of  little  Portage  Like  and  takes  in  ail 

Mir.-  w r . V'!  marshes  there  including  th.-  nortti  portion  oF  t”. 

.1  ■■  '.-at  ion  Area  I ■ rt  — ! in  the  MF  corner  of  the  county.  1 1 a I so  | 

..r-  •pirple  and  Bafei*'.'.  Crtieks. 

v..r  s,,  ;i  -n  - This  region  extends  along  the  Maple  River  from  the  g.im. ■ 
j , ; . ri  M riot  County  southwest  to  the  point  where  the  stream  confluences 
, the  a rind  River.  The  area  also  includes  the  portion  of  the  Grand  River 
th-r  mmunities  of  Muir  and  Portland. 

ir  r V Roj ion  - The  Barry  State  Game  Area  and  all  the  marshes  in  the  vicinity 
f M-  )/  in  Ive  ry  County. 

Grind  Maven  Re; ion  - The  Grand  Haven  area  including  the  Grand  Haven  State 
■'ir".'  Area  extending  as  far  oast  as  where  Crockery  Creek  enters  into  the 
■ ■ jnd  River . 


Second  Prioroity  Areas 


Rose  Lake  Re j ion  - The  area  in  the  vicinity  of  the  Rose  Lake  Wildlife  Re- 
search Station  in  Shiawassee,  Clinton  and  I ncjham  Counties. 

Doan  Creek  Re. j ion  - Deer  Creek,  Doan  Creek,  Deit^  Creek  and  Ka lorn  ink 
Creek.  All  of  these  creeks  are  tributaries  to  the  Red  Cedar. 

LafHiston  Re^jion  - Langston  State  Game  Area  and  surrounding  wetlands. 

Flat  River  Region  - Flat  River  State  Game  Area  and  vicinity  wetlands. 


State  biologists  have  also  delineated  the  location  and  extent  of  wooded  and 
open  sedge  marshes  (see  Figure  V-13).  Data  developed  by  the  Staio  on  Grand 
River  basin  wetland  potential  amounts  is  as  follows*: 


Miles  of  river  edge  in  marsh  and  sedge  199 
Acres  of  r i ver-re I ated  marsh  and  sedge  20,230 
Miles  of  swamp  edge  along  rivers  849 
Acres  of  swamp  related  to  rivers  11,385 
Total  miles  of  river  waterfowl  habitat  1,048 
Total  acres  of  river-associated  habitat  31,615 


*Swamp  includes  hardwood  trees  and  shrubs;  marsh  includes  cattails,  sedge 
and  marsh  grass.  River  edge  miles  were  doubled  to  include  both  sides  of 
each  stream  considered.  An  arbitrary  figure  of  a strip  one  chain  wide  was 
used  in  estimating  swamp  and  marsh  acreage  on  small  streams.  This  averaged 
out  to  approximately  8 acres  to  a mile  for  minor  streams. 


F i gure  V- I 0.  A view  of  the  Maple  River  wildlife  flooding.  Another 
off-river  permanent  wetland  similar  to  this  one  Is 
planned  for  acreage  on  the  opposite  side  of  the  road. 
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UPPER  GRAND  RIVER  BASIN 


^'cinord'^ic  V i i5w  o‘  Pose  Lake  a*  the  Rose  Lake  Wildlife  Research  Station.  Aaterfowl 
a'  ; jre-iter  Sandni  I I Cra'"e  production  marsh. 


LOWER  GRAND  RIVER  BASIN 


SWAMP 

MARSH 


SWAMP- LOWLAND  HARDWOODS 
MARSH-CATTAILS,  SEDGE 


Figure  V-15.  Active  Sandhill  Crane  nest  in  center  of  photo. 

Schumacher  Road,  Waterloo  Township,  Jackson  County. 

The  Basin  is  important  to  an  unusuai  and  distinctive  water  bird--the  Greater 
Sandhill  Crane.  This  large  and  impressive  bird  breeds  in  several  locations 
in  southern  Michigan.  The  eastern  portion  of  the  Grand  and  a few  locations 
just  south  of  the  Basin  comprise  these  southern  Michigan  breeding  grounds. 
Although  data  are  incomplete  a conservative  estimate  places  the  number  of 
breeding  pairs  in  the  Grand  River  Basin  at  50 — the  bulk  of  the  breeding 
Cranes  in  Southern  Michigan.  Mud  Lake  (The  Haehnie  Audubon  Sanctuary)  in 
Jackson  County  is  the  most  important  single  location.  At  lease  six  pairs 
breed  here  and  250  to  500  cranes  concentrate  here  during  fall  migration. 

The  Mud  Lake — Portage  River,  Jackson  County  to  Boyce  Laxi',  washfena*  f.rujnfy 
zone  is  not  only  the  focal  point  and  axis  of  prime  cri"»>  produ.  fion  habitat 
but  is  also  an  outstanding  breeding  ground  for  the  ranada  (Soose  and  several 
species  of  ducks. 
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Seven  known  breeding  ground  regions  have  been  identified  in  tne  Granr  Piver 
basin  (see  Figures  V-17,  V-18,  and  V-)9).  The  breeding  grounds  are: 


1.  The  Lookinqglass  River  and  its 
tributaries  Vermillion  and  Mud 
Creeks  west  of  Laingsburg 

2.  Rose  Lake  Wildlife  Research  Station 

3.  Vicinity  of  Gregory  State  Game  Area 

4.  Mud  Lake-Portage  River-Boyce  Lake 

5.  Sharonvi I le  State  Game  Area 

6.  Area  west  of  Center  Lake 

7.  Vicinity  of  Arbor  Spring 


Cl i nton  County 

C I i nton  County 

Livingston  Countv 

Jackson  S .vas'  ■ 
Counties 

Jackson  County 

Jackson  Count , 

Jackson  C-ountv 


If  these  unusual  birds  are  to  continue  to  breed  in  the  Basin,  it  in  imporu'iv- 
that  the  open,  prairie-like  character  of  the  lands  adjacent  to  the  sedge- 
cattail  wetlands  be  maintained  and  that  the  water  levels  in  the  wetlands 
themselves  be  held  up  to  sufticient  depths  (2-3  feet)  to  prove  attractive 
for  not  only  the  cranes  but  CanaJa  Geese  and  ducks  as  well.  Of  particul.r 
concern  is  the  early  action  10  miles  of  channel  improvement  work  being  coi'- 
sidered  in  the  portion  of  Portage  River  whioh  passes  Mud  Lake.  The  probPr 
of  providing  flood  control  for  fhe  muck  land  farms  in  the  vicinity  <.f  the 
Mud  Lake-Portage  River-Boyce  Lake  zone  ot  top  qualify  Canada  Goose,  duck 
and  crane  production  grounds  while  ensuring  the  continued  productivity  ■ i 
this  extremely  important  wildlife  unit  will  require  coordinated  planning 
by  all  levels  of  government  and  private  conserve  lion  organizations. 


I 


1 

I 
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The  Gre.jter  Sandhill  Crarm  in  Mi  hir^'n's  -l.iriit'.t  bird. 
Seven  known  Greater  Sandhill  Crane  breeding  grounds  have 
been  identified  in  the  Grand  River  basin. 


UPPER  GRAND  RIVER  BASIN 


SANDHILL  CRANE 
BREEDING  GROUNDS 


Figure  V-18.  Marsh  south  of  Tophi th  Road,  Waterloo  Township, 
Jackson  County.  Water  level  good  but  invasion  of  marsh  by 
brush  is  reducing  its  value  as  a Greater  Sandhill  Crane  and 
Canada  Goose  nesting  ground. 


F I gure  V- I 9.  Crane  and  goose  nesting  habitat,  Waterloo  Township, 
Jackson,  about  two  miles  east  of  Portage  lake. 
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(b)  Wi I d I i fe  Management . Plan  B places  empbasis  on  valley  j 

p-eserves,  recreation  nodes,  and  otnor  l ^ 

improve  the  quality  ot  the  envi ronrent . This  plan,  «hi le  it  will  provtue 
for  less  hunting  than  plan  represents  an  exciting  opportunity  to  preserve 
in  perpetuity  large  areas  tor  the  benefit  of  mankind.  The  penef i ciaries 
will  be  ail  persons  who  value  open  space  and  appreciate  The  chance  to  enjoy 

an  aesthetically  pleasing  environment.  1 

Since  botri  the  valley  preserves  anu  the  re.;rearion  nodes  will  be 
fiidnageo  to  provide  i mix  of  recreation  with  fish  and  wildlife  uses  as  part 
of  the  early  action  program,  1970-1985,  actual  benerlTS  to  fish  and  wildlife 
resources  and  their  users  are  difficult  to  accurately  assess  at  this  time. 

H'  wever,  it  is  our  ‘udgerwnt  that  low  key  reoreatior'  anu  hunting  and  tishinj 
are  compatible.  It  is  believed  that  +ne  opportunity  for  intensive  wildlife 
m jnagement  will  be  cor'ui  ieraoiy  less  than  that  tor  fishery  management, 
tne  narrow  character  of  tfie  va.Iey  preserves  will  lend  themselves  more 
reddiiy  to  providing  tishermjn  access  than  for  hunter  uses.  (Since  it  is 
impossible  to  forese-  how  the  valley  preserve  system  will  be  implemented- 
llj  we  h.jve  arbitrar.ly  estirtvjted  that  only  ha  I f of  the  huntaPle  acreage  would 

receive  us-i.  vte  have  is^iqnijd  i quality  ratinj  to  och  area  based  on  tne 
judgerient  of  ‘•g.cni'jan  sta*'''  iolugists.)  The  recreation  nodes,  located 
jdjacc-r't  la  /uM'-'y  p r^er  v.,' , it  carefully  plannul  tor  low  Key  types  of 

re'-rea-*- i on  such  a p icn  i ■.-!■■  i r'g , limired  camping,  nature  stuoy,  and  so  on, 
sno...-  . previse  seme  •'unti  ,g  -:pp.;rtun  i ty  during  ' ne  t-jM  and  winter  seaSun. 

. ,-2l  p,  e-soh  l estimates  r . I 1 1 rianter-user  day: 

To.-  t-'u  v.ni.f^y  prrper/es  aiTj  the  recreati.jn  nojes  respect  i ve  I y . It  is 
oStirrsted  That  .j.  ■ screu : i ona  I nodes  ar:d  trie  .alley  pr.tserves  would 

uttirately  provide  r,3soecti ve I v in  addition  to  the  user. days  expended  on 
private  !-ards  net  amual  hunter  days  ot  5,840  and  .1,07  '. 

Ttie  W'Idlite  Division  of  the  Michigan  Depar'Tr-ic.-r- 1 of  Natural  Resources 
has  19  state  game  a.-eas  in  tne  basin.  Rians  for  land  acquisition  ano  habitit 
Jtive  lopmen  f p''ocr.''’s  tor  The  period  t i sea  i 1970  Ttir'ough  1975  include  The 
j.lJiTiot'  :■*  s,J-.n  acres  of  land,  300  acres  during  fiscal  year  I970-/I  and 
J,h50  acres  our.  ’'-..di  i,<7l  tnrou-gn  |9/‘.  It._  .-.aterl  «j  'vucreation  Area 

f 

I 


managed  jointly  by  the  Division  of  Wildlife  jnd  Part-s  is  not  i r,,  | .j  jt,-a  ir, 
these  figures.  This  area  provides  thousands  of  acres  of  hunting  and 
fishing.  The  long  range  goal  acreage  for  the  State  game  areas  in  the 
basin  is  151,000  acres.  It  is  estimated  that  b/  the  end  of  fiscal  year 
1975,  the  State  will  have  completed  slightly  under  T4  percent  (81,000 
acres)  of  its  goal  acreage  of  151,000.  The  T,430  acres  added  by  197' 
will  provide  4,460  gross  hunter  days,  a net  gain  of  ?,090  hunter  d r/s 
over  the  1,370  days  estimated  to  have  been  provided  or  the  3,430  acres 
of  previv.usly  private  lands.  The  remaining  70,000  acres  could  provide 
91,000  hunter  days  annually,  a gain  of  6"^,000  ov'-r  the  ?8,000  day,  pro- 
vided by  private  lar.ds. 

The  State  of  '-lichigan  wildlife  plans  call  for  ttU'  Jev.-k.;,rT,.  c*  , f 
habitat  during  the  1970-75  period.  Another  "wildlife  flooding",  p.-r'-a- 
nent  wetland,  is  planned  to  be  developed  on  the  west  sidtr  of  P^^ute 


opposite  the  existing  Maple  River  wildlife  flooding  .ir.-a  i 
A 450  acre  waterfcwl  permanent  wetland  is  planned  i ri  ccnlu- 
the  Soil  Conservation  Service  sr^a  M witershed  projeif  ■'  “ 
ir  the  Maple  River  area  east  of  Hubbardston.  Trie,  [r.-  i.  --' 
for  fiscal  years  1974  and  1975,  at  a cost  of  ! 170,000.  Wr 
have  been  made  for  a large  permanent  w.M  I ind  di  ve  | 'prr..  r ; i' 
Portage  River  area  in  Jackson  County  during  thc>  period  I 
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r.ibK  (C.'-.t'J)  VAU.rY  PrKSFrVKS:  USE  OF  ^'ILUl.irE  RESOl'RCr.S 


f8i’ 


(c)  Conclu-  •'l*^‘-'ugh  hunting  is  in  i np.  ;r  t nn  jrti^i-v  in 

r.r  K' 1 i vt'-r  p V' i n the  non-hj'’ : r tyfic  of  artivi+y  snch  .'j',  r-i^un.-  ■ tutv,  ‘ i 
V.  i.'ui,  '.nturt''  nhot.-.gr.jp*  •,■ , and  so  on  is  considorad  to  bo  of  at  iL  j'.t  . - 
i'^portanj.,  . ^'othods  of  r-oasurino  .ri  ! projecting  non- tens  t"P  t i vc  user  " ; 
' ivt'  not  ; ot.-n  perfected.  He.vi  vor,  studies  by  state  -.ir::-.;  a'>  tici'-s  tiave  sn- 
"'■•T  this  type  of  use  is  often  t.vice  tfiat  of  the  hunter  in  ■^(.•r"'s  - f ua-  r ; 

Plan  B whl.fl  err^pfur,. i zes  ttie  preservation  .md  low  rs-ur-ati^,: 

use  of  s'pt.n  sp  ICO  will  enha-^re  tha  opportunity  for  non-cor p : i Vc-  ^s-  a . 
gains  will  bo  made  in  hunter  use. 

Plan  A found  that  fiuntlna  opportuni'y  would  oxaeod  domaiiu  ; 

1..ys  by  target  year  After  ih.'it,  hunting  demand  .vcu  1 c!  si  art  to  a.-x--- 

. : p'Ortun  i f V . The  eli'  Ir  ition  of  the  impoundments  propos'i  un.j'-r  Plat  ■■ 
.•■Mis  1 loss  of  poiautial  of  IP', 'too  days  of  hunting. 

It  is  ei.tim'iTed  t‘i-id  111,000  .jdditional  Jays  nf  nun'if  i pp  • .. 
..  i ! ' be  reuuirm  by  196'’.  1 fie  va  I I (?y  preserves  and  recreatior  ni'd.-^  in 
• ' provide  respectively  01,100  and  b,S0O  additional  d.ays  -vf  ’'anTir,  j 
t r.  i , -oupl  .vith  the  carry— :'.'or  in  Plan  A would  leave  only  ■rx-'‘jur*h  ’ 
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,;cqji  ifion  proqr.am  would  m.ake  un  this  dehicioncy  as  .vi'M  is  -.revidin':  f 
the  irvreislna  demand  of  non-ce.-isumpti  ve  (non-hunter)  ucors.  L'sa  of  • 
open  space  by  both  the  hunter  and  non-hunt°r  is  ccmpatible.  F v p.  r' i '’m.  ■ .n 
shown  th  it  tfi--  bulk  of  tfu?  st  ite  oame  lands  receive  he.ivv  u.<.'  ir  r r 

It  is  .an  t i i p jti- 1 that  ttie  f-.ide  will  h jve  .'icni-’vtd  .if'sat  ‘ d v, 

■ f i t<-.  noil  irrt  r;e  of  I ' I , ''hO  a-:r-.s  tv  !''>7A.  The  rt.-r’inlni  p.--t- -■  i, 

1 P’ s , : ■.II  i 'e  ‘ jni.T  , - a let  '..liM  of  t-  ' 

,i,:’0  nr'vi  ) ■ i by  priv.itr  lanes.  A||  v.  f pirsons  w*-’'  .'nl'v  tie  ou ' 
yors  will  1 1 ni.‘ f i '**"1  bv  thes<  ’',000  uCre'’..  Append  i ■ ' irM  *h.it 
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F i gure  V-2 I . These  wetlands  in  Grand  Haven  just  west 
of  Route  31  are  still  important  aquatic  bird  areas 
but  are  threatened  by  "progress".  Diked  wetland 
top  photo  had  blue-winqed  teal  and  coots  at  time  of 
photo.  Junk  cars  threaten  to  obliterate  cattail 
marsh  in  bottom  photo. 


\ ■■ 


gure  V-22.  Mud  Lake  at  the  Haehnie  Santuary  of  the  Michigan 
Audubon  Society.  Preservation  of  this  valuable  Greater  Sand 
hill  Crane,  >vaterfowl  and  aguatic  animal  habitat  by  this 
private  group  Is  an  example  of  an  outstanding  wildlife 
consenvaf  ion  effoit.  More  and  continued  action  of  ^riis  kind 
will  be  necessary  fu  make  Plan  B a success. 
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changes  in  land  use  amj  ava i I ab i I i fy  ot 


r.uiit  jb l<;  h-jtiil  it  A i I I roi'jli  I' 


accelerating  loss  of  habitat: 

Present  to  19h0 
1980  ro  2000 


I b I ,000  uv,res 
2/'4,J00  jcn.'b 


2000  to  20/0  LuLi'ui 

Tota  I Loss  ; r.  ■ 

If  10  percent  of  this  loss.  ; t.  si  ; ;i.'  r’-  j ; 

land  put  into  state  game  areas,  the  ■^onbirii'j  fit  f..-  r int'  r jr,  : • •- 

consumptive  (nature  study,  etc.)  ust.T  . .•,.>,1]  . jO ) . 

hunter  days  and  132, (>00  non-hunter  Jay  . .'.Ifh  tti,-  o_-  il  , - i • i r, 

early  program  of  acquisition  would  pmvido  "lOts.'  |.:ind  C'<-r  !■ . I I a ’ • iri : , 

hedge  against  inflation.  Bold  progr.jf..  t fin.jncin;  will  L'  ••  ay  ir 
Grand  River  basin  is  to  retain  and  if, pi.,-.'  in  the  .if'iast  jr  ■ '.ility  f .p. 
space . 


The  single,  rntyst  important  cunsi  l*r  if  ion  trom  a .v  i M I i • f mdp 
the  extensive  areas  of  wetl.ands  and  ttw  iguii:,  bird  breedin;  :r  .tits  they 
vide.  The  Grand  River  basin  occupies  tht  ..enter  portion  tab.  .t  | • 

total)  of  some  of  the  most  prolific  wat'irfowl  t,  tbi  tat  in  Mi  tiigm  in.'  ■ 
the  most  important  .vaterfowl  prO'Jucirj  area:,  in  the  .,r,'.it  r ■.  i n.  ’* 

Canada  Goose,  rhe  Greater  Sar.dhill  Crane,  and  several  specie:-  ''t  ducks  iri.' 
the  valuable  anirmls  Dreeding  hero  in  ^iiniti  jnr  numt.  r . bt  ite  to  d.'qi  .i 
identified  over  51,000  acres  ot  product  iv  vs-  t lands  .i  icijti.'d  witi  t'n-  i i 
streams  - 20,200  acres  of  sedge-catt.ii  I jwamp'.  md  11,40''  i,  re  • h.ir  fw 
(see  F i gure  V-  1 0 ) . aornt'  of  this  hab  i ta  t will  t><'  f .gu  i red  si  : i " •.  d jnd-.  • [ 

t i ve  custody  as  part  of  the  villey  pre-.orve  nn'iram.  4n  idditi.nii  si.  • , 

dcrea'je  of  wetlands  exists  as  potholo'j  in.;  intermittent  ' irL  r . i*'  i.a 
throughout  the  basin.  Approximate!  y |■■•,000  n.res  of  wtl  ,n  Aill 
public  ownership  as  part  of  state  .jurn'  ir,-.as  w' n the  ulfim.it'  ,,-il  i. 

reached.  This  will  include  both  ..  itter.-i  wtlarui'-  .in'  .f-'.ir  i ■ i if.  ) ^ 

lands.  These  wetlands  e'dnsi'lered  woithL  .w  .'"P  , : y ".iny  t i i pi-r  ,. 

are  being  filled,  dug  up.  draintul,  and  il'.'i'  : i'  r il  n- i . It  is 

especia'Iy  important  that  preserv.i  t i on  >t  f’v  i|  md-  ' ind  i r ts,. 

priority  waterfowl  wetlanrJs  regions  - , ■■,;  |.  . ivt,  .irry  m 

Grand  Hayon  tie  ma'1<.-  the  first  order  "t  t.  . . i n.  , in  my  ■.  ,i  ill  ; I m t.i  tt 
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rj'-.:  “^iver  bd'  ir,.  It  will  +ake  public  and  private  groups  working  togeth-,'r 
• .jnp  I i sb  the  perpetuation  of  this  productive  habitat.  Potential  conflivi 
involving  land  use  and  wetland  habitat,  exist  in  the  four  areas  mentioned 
lb. "ve.  watershed  planning  is  active  in  the  Upper  Maple  River  region  and  devel 
."'ent  ir  this  area  will  probably  be  completed  in  10  - 15  years.  Considerable 
•'■je.au r ions  are  being  taken  to  protect  and  enhance  wetland  habitat  in  these 
pr..|e.r_  through  coordinated  planning  efforts.  The  Bureau  of  Sports  Fisheries 
ind  -•I'MIife  supports  all  efforts  to  include  habitat  preservation  and  develop- 
in  project  planning,  but  is  concerned  with  any  channel  work  which  could 
' -..I'  ill  rhe  draining  of  wetland  areas.  The  Portage  Lakes  unit,  a priority  I 
wjterfowl  region  and  Greater  Sandhill  Crane  nesting  ground  (see  Figure  V-M) 
be  preserved  by  both  outright  purchase  and  agreements  with  landowners. 

Tne  preservation  and  control  of  the  Grand  River  basin  wetlands 
ind  ! J Lacent  habit.it  will  be  in  the  best  interest  and  will  be  more  appreciated 
years  go  by. 


(4)  Secomrriendd f ionb . The  mcijor  thf'jbt  of  h'lor:  3 is  t ajtJ  tfio  pr.i*:e''- 
vation  and  wise  use  of  the  Grand  River  basin  with  the  objective  of  providing 
a mix  of  the  natural  scene  « i th  modest  recreational  facilities.  * carefully 
planned  and  coord i nated  orogram  could  provide  maximum  use  of  fhe  region's 
resources  while  mo  i nta  i n i ng  the  environment  in  a natural  and  aesthetl.all,- 
pleasing  condition.  Both  the  riunter  and  not -hunter  .■.III  or  - ecofi- 

mendations  set  forth  below  are  aimed  at  providing  the  m.ixim.jm  'jse.  A -.umriry 
of  estimated  cost-c  and  benefits  cortaining  to  recomm.-ndec  f'  ’ c ; *iltli*f 

programs  are  presented  in  Section  VI. 

Plan  B recommends: 


(a)  That  the  on-going  acquisition  progran:  of  state  game  lands  be  main- 
tained to  1975  as  projected  by  the  wildlife  Division  of  the  State. 

(b)  That  an  accelerated  program  of  acquisition  of  the  70,000  acres  of 

land  needed  to  meet  the  State's  goal  acreage  for  the  19  state  game  arejs  in  the 

basin,  be  initiated  not  later  than  1975  and  be  completed  by  1985.  At  least  50 

percer.t  of  the  estimated  il4  niillion  dollars  cou  I if  come  from  Federal  ..ur.a-s. 

(-)  Th.jf  ttK:  state's  intensified  on-joing  warn, water  arid  trout  t i ,hery 

program  for  controlling  rough  fish  populations  in  trout  waters  and  the  I ike  and 

stream,  reclamation  program  be  continued. 

(d)  That  the  valley  preserve  prograrii  for  providing  access  be  i no  I er’ented 
immediately  so  that  the  full  benefits  of  the  intensified  on-goinq  fisheries  pro.fram 
and  the  developing  anadromous  fishery  programi  can  be  realized. 

(e)  That  the  combination  of  fish  passage  and  dam  removal  program  described 
in  (2)  (d)  Fisheries  '-lanagement  be  implemented  not  later  than  1973  starting  with 

the  Grand  Rapids  dam  and  working  upstream. 

(f)  That  top  priority  be  given  to  the  water  quality  prooram  so  that  the 
fishery  benefits  associated  with  recommend-ations  (c),  (d),  .md  (e)  an  be  reali.-.  f. 

(q)  lhat  private  conservation  organ i zat i ons  as  well  as  ill  lev-  Is  oi 
qovt  rriii«jnt  be  encouraged  to  acquire  or  control  and  preserve  unique  areiis  and 
I cable  fish  and  wildlife  habitat. 


V I 


(h)  Tliat  the  v.'ater  Bank  Program  (PL  91-L99)  o(  the  Agriculrural 
Stab ! I i ::at ion  Conservation  Service  be  implemented  not  later  197^  with  first 
priority  given  to  those  wetlands  where  a conflict  exists  between  agricultural 
practices  and  the  management  and  use  of  these  areas  for  fish  and  wildlife 
purposes. 

(i)  That  tax  relief,  cost  sharing  programs,  easements,  and  other 
means  be  devised  and  legislation  passed  if  necessary  to  provide  monetary 
incentives  to  landowners  to  manage  their  land  for  fish  and  wildlife  purposes. 

(j)  '^njf  a Federal  grant  program  be  instituted  making  funds 
available  to  qualified  bi'  legists  (to  eitr-.t-r  i no  i v i d;u.j  I ■:  .r  to  agencies)  •_ 
sfudy  and  survey  the  wetlands  and  factors  related  to  the  Greater  Sandhill 
Crane  breeding  grounds  known  to  exist  in  the  E3asin  with  special  emphasis  on 
the  Portage  Lakes  region. 

(k)  That  consideration  be  given  to  some  typn  of  a user  fee  for 
public  lands  where  one  interest  ts  suppor+ing  use  by  ofhi-r  interests;  e.  :. , 
State  game'  areas  ari:'  financed  with  fishing  and  hunting  fe«‘s  but  are  used  by 
many  non-sporf'smen . 

(l)  That  a special  wetlands  fund  be  established  ‘re  botn  bt.:'- 

and  ''•>der,-3'  sources  to  provide  for  the  acauisifion,  or  lease  rf  productivi- 

wr'iands  ii•'nfifi-^d  in  the  study  ind  cited  in  ri-.  ■ ■ ; ; i i-  ; I . 

(m)  That  consideration  be  given  to  th-c  eslabl  i shmer,t  of  i maj-'n 

..  i ; • o-Ped-.T  j I private  agency  witfi  responsibilities  to  manage  waterfowl  , 
'■reater  Sandhill  Crar"  , and  aquafic  animals  in  the  Portage  Lakes  region. 

(n)  That  legislation  be  enacted  or  exirfing  laws  be  implemented 
to  prohibit  +he  dredging,  filling  and  altering  of  wetlands  by  both  private' 
and  public  agencies  withou*'  a permit  from  the  State. 

(o)  That  10,000  acres  of  the  "^1,000  .acres  of  stream  associat(>d 
w.'+land-:.  delineated  .on  th<  fish  and  wildlife  map  be  acquired  Lv  the  State-. 
Fhir  is  In  add  if  ion  to  those  weflarids  acquired  incidental  to  the  valley 
preserve  program  or  as  part  of  the  goal  acreage  for  the  state  game  areas. 

(p)  That  the  State  complete,  not  later  than  l^?"',  an  inventc'rv 
rf  the  exfe>nt  and  quality  of  the  Basin's  wetlands  so  that  this  Informafion 
can  be  used  in  wildlife  management  planning. 
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f . Flood  Damage  Reduction. 

(1)  I ntroduction.  Flood  damage  reduction  measures  consist  of  structural 

and  nonstruuturu  I programs  perfornied  cy  Federal  agencies,  jtates,  and  lo>al 
organ i ^ar i ons . 1 hese  measures  include  reservoirs,  channel  improvements,  levees 

and  dikes,  channel  stab i I i zati on , sediment  control,  flood  forecasting,  watershed 
management  and  land  treatment  practices,  flood  proofing,  and  flood  plain  ren.- 1 a- 
t i ons . 

Scveial  corniunities  i'  the  ba., in  e>rerience  annual  flood  . 

Structural  alternative  solutions  were  develope::  +o  meet  these  :■  eo- 

described  in  Appenjiv  f- I ood  Control,  and  in  'ecficn  III  -‘s 

res  J 1 1 of  pub  i i . react  ion  to  P I an  ( na  \ - I * hru  . ) , M : ■ ■ . ' 

for  a minimum  of  -.fructjral  flood  prote::*^ior  worts.  Thereto  re,  I :l  a- 
of  government  should  actively  promote  arc  erf-tr  e the  use  • :v  i i I .!  I e • ' • - 
structural  prourar.s  and  to  hniques  to  reduce  tiood  damar,es  in  t h(  rs'  t 
River  bcisin.  Fn*‘orcement  of  these  measures  would  assure  fh  j+  flood  plain 
lands  are  comr'itted  to  uses  compatible  with  the  flood  harart. 

A numbt-r  of  non-structura I flood  lamage  reduction  measures*  wt-.irh 
should  be  carried  out  to  reduce  flood  damages  in  the  t'acin  are  described  in 
rtiu-  t 1 lowing  pjrugraphs. 

(2)  F I oc,  1 Forecast  i n ; . Flood  forecasting  and  flood  1i  ptin-;  : r 'V  i 
opportunities  for  the  implementation  of  emergency  measures  to  minimize  d anjces 
by  evacuation  of  persons  anil  movable  objects  from  areas  expected  to  be  fCvaded. 

The  t i '’•e  I y .snd  croper  utilizatii'n  of  t-ffetive  flood  f : aec  a-- 1 i ■ : 
and  flood  finhfin-:  : r-.car  , fr-jether  with  an  est  ib  I i shr-'l  cinog  plHn  la- 
ment plan,  could  provide  Sut'Stjntiil  redu  fions  ir  the  |e-.--  . t rtire'tv  aee; 
by  floods.  T i s method  ef  ♦ lood  fichtine  is  espe'  iaMv  e<‘o;five  i r:  ire.. 
the  benefit-  rsf  ritio  does  not  iustifv  p i !- 1 i invist"ort  I'  ' I oe>d  -rr*rcl 
structure 

Flash  floods  r 1 1 t i nj  from  fi  i gh- i n fens  i f y i.hor  t - lur  i- i . ai  t lir.f  jll 
account  for  considerable  loss  to  nvavablc  property.  The  w.irrilna  timt^  for  ■ omm'.  jr  i 
ties  ,nDjoc.t  to  this  type  -f  flood  is  Shor'.  It  is  tea-,it)|,  te  . tail! 
ru  f>. 'tks  arourid  the  ■ 'mr.unities  ar-'i  to  train  local  rt'prosen  t a t i \ in  ‘t.,  u .c  . ; 
fort:c  ist  p T' >i  eds't  S'*. . ie  hni.al  devel  .pmvnts  in  ralar  utid  its  ipi.li.  ai.  r.  f. 


‘t'lan  f St-i,.-.*  ,t  il  ; r!..—  s»<  ,1  ( loo.!  i -a 

P‘  a • a i r i ; t,  , ,i,jr  f . I t i,r  i e 


'<n 


preL  i p i tat  i on  , temperature,  and  other  data.  These  da'^a  are  avai  ladle  on  p_,nch 
cards  and  are  published  in  Climatological  Cara  and  Hourly  Preci pi  tat iori  oata 
bulletins  for  Michigan. 

A State  weather  forecasting  center  is  maintained  at  Detroit.  In 
addition  to  daily  State-wide  public  weather  forecasts,  other  special  forecast 
services,  including  quantitative  precipitation  forecasts,  severe  weather  Aarninj, 
and  other  cl imatol og i ca I weather  services  for  the  Grand  River  Basin,  ^re 
rendered  by  the  local  Weather  Service  offices. 


V-. 


rniCiiDI.'D  cLAlflC-WT  flLKiiD 


^ ) * I u I j i n Re  ju  ki  r i ^ . 

U’M.]  pi  jin  regulation  or  land  uue  program's  jr  not  ..jt  toMipt  t'  ri-:.  •• 

■a  ri!'".vare  rm  ding  Put  are  designed  to  mold  the  tlooc-plain  -levo  I 'jur  er  ^ ■" 

' . t,  a "inner  as  to  lesson  the  dam.igin'.;  effects  of  floods.  Flood-'^lain  I'e- 
,sl  I'i'.'ns  imply  the  adoption  and  use  of  legal  tool.,  by  communities,  ^ i th  ,v^li.n 
to  :ort"  I the  extent  and  type  ot  future  development  ^hich  « I I I h<-  perm,  i t,.- ; ;• 
*'>e  .jIIo'vs.  For  These  controls  to  be  effective,  it  ■ ne'  OSsary  rr,,.'  tht  p„l  I ■ 
-ncerstano  tne  gener.jl  flood  protlem,  the  degree  , t ri,k,  and  the  -"eth.’;  that 
.1''  he  'ised  tq  control  use  ot  the  land.  There  are  vorioss  means  of  effecting 
' t lood-c  ' Jin  r^anagerrena . 

■T  d"  .l.gnateJ  flood', vjy  Is  the  jre.i  of  ch.jnnel  mo  those  port  1 .'ns  of  f ■ 
ff  jc  J piiiins  adjoining  tne  channel  '//hict  are  reasonably  r.-guired  to  carry  fl,.'"']- 
"u*'<'rs.  Encroacnrient  lines  are  the  lateral  boundaries  'Of  the  floodwiv,  jne  '..'1 
".‘..t;  i jr'  of  the  river.  Nci  constr'jction  or  lane  filling  should  be  p.-rmitted 
A''/n  these  lines  If  these  works  will  interfere  with  th.o  floodwaters. 

Zoning  Is  the  legal  tool  thaJ-  is  j':.ec  to  ir"Dlem,..nt  .uid  enforce  the 
detailed  piano  resulting  from  the  olanning  prograr^.  It  is  used  ay  -^owns  , 
cities,  counties,  and  agencies  of  tne  States  to  control  and  direct  the  u^e 
and  dcvelopr^ent  of  land  and  prepe'-f'/  within  ^holr  jur  i sd  i cf  i'- n . Zoning 
in.  re.  tne  safekeeping  _f  properf,'  for  -he  public  ht-.-itn  jnj  welfare 
and  “10  beef  use  of  av.jiljple  land.  Dr.  ision  cf  comr'ur,  i T i es  into  '/ariou". 

'Ones  should  be  the  r-'sulr  of  a comprehensive  plannli.o  procram  for  the 
eritiro  area.  i'r.  p gnufe  i Mocdw.r/'S  'r-.jv  be  zoned  tor  the  purpvse  r p.jcsi'^g 
fi-  .-w.aters  and  for  other  limited  uses  that  do  not  conflict  with  that 
.nrimarv  purpose.  The  c-“.' i nance  may  ilsc  establish  roaul  :tions  tor  the 
flood-pijin  .areas  outside  tne  floodway.  The.^e  include  de.Iqnatina 
elevations  below  which  certain  types  of  deve lopm.ant  c.anno+  be  constructed. 

f'  subdivision  can  be  defined  in  a broad  sense  .as  a tract  of  land 
divi-led  Int'.  1.  <3  ‘or  the  puroose  cf  sale  or  building  d'Cvelopmenf . Su.n- 
division  regul'p-Ions  ire  used  by  local  goverr.menf.;  to  speci'v  the  m.jn- ..-r 
' n wh  1 wf  and  m.i,  pe  tivided.  Thr'v  may  sf.jte  the  rt^'Ou  i re  1 widtn  of  street", 

f ^ u f tii  tor  >^urt)S  -incj  cj  utters,  sito  of  N'ts,  t.'lovjtion  of  I. if  id,  f rct-vjon 

*i  '-Jind,  :.i/e  ot  r | cKjdwjys,  urui  othor  points  pertint-nt  to  t ho 


of  the  comnunify.  Nuf  only  ir  publi  : ''oalfti  and  welfnro  hfno-f  i f , *,ut  virK  us 
municiDil  costs  such  as  ma  i ritonaricu  of  .,tr«.;ls  anu  ulilirit.-a  ^aii  : fsJuacU 

duriny  flood  periods.  Subdivision  reyuldtions  provide  an  efficient  rrieans 
of  controlliny  construction  in  [rresently  undeveloped  iloodpliin  uaa,.  The 
followiny  typical  provisions  wni^ir  coulo  be  added  ic-jul  ei.ai,  * ..  I : ;.e 
helpful  to  flood  dam  i|.  prevention: 

Show  t!xtent  . ! the  tioou  ; I ain  on  subdivisior,  raps, 

Show  f UXKhv  ty  I imi  ts  or  enor  .aciimeti t I inos, 

Proh  i b i r till  in  .hinnel  .irvd  fportway  that  .vou  I d resir  i.t  f b ,w  , 

Require  that  aut'di  vision  roads  be  above  ftio  elovatie<n  or  j ,e  I acted 
1 1 ood  I eve  I , and 

Require  that  each  lot  contain  a buildiny  site-  witti  m < le'v.ifien  ib-av. 
a selected  tlcx)d  level. 

A building  code,  j set  of  regulations  ad  pted  tjy  a local  envea'  inn 
bo  t',  , p^'ovide  standard',  for'  the  constr  action,  ',t  hu  i I d i no''  m : tti'-r  ^tractures 

to  n rve  in  th<r  interest  of  the  tie-alfh,  . itc-fv,  ind  lener'al  weM  jra,  of  the 
pul'  I i . A we  I I -.'.I  i f fell  ind  pr'^ifrer  I y en  | . a o ; ! a i I a i i;a  . ■ - a i ‘ ' ; i . | ,■ 

r'ealU':-.'  tainjyes  t saildinqs  in  Mio  f (ouU  fitaii'.  A few  ■ i fti--  r ;ui:  ‘ 

wtiich  SfioalC  be  sp'ielll’..  .1  if,  i .'ijildinj  cCX  , t ti  . li"',  ' Ti! 

Prev(,;nt  flotution  of  liuildin^is  from  their  founaationr  tiy  requiring 
proper  anchorage, 

Lufablish  bdi.omont  clovafion',  aid  mininum  t i rs  1 t I ! • I'Vaii  ^ 
siafent  with  ()Oten1iai  floods. 

Require  structuril  stren'gih  to  with, land  w,t>r  pr  'S.uu  f'  hi  d,  l-..  ity 
of  f low i na  wj  fer, 

Ri  ii'ict  ttie  use  of  niafcr  ials  which  di  leriot'i'a  lapi  ilv  wbt  i,  .-xp,  ; te 

Wat,'’',  ind 

i ■ ,n  i b i t oquiprnohf  ft)  at  mi  iht  be  tla.’  irdt.us  b,  lile  wfien  at '!»  1 hot,  •j.fi 


av  r ’■  i . a I .1  rij",  [joilet  or  olectri.:.il  p,  i pp  ■ r,  t . 

w i , d ly-  I - ,1  ty  p''  I i -.y  and  i,  t i n ,1'  •,  i > i n * ■,  ; i . 

street.^  sad  >4  f i I i * y - v'.-t  in  jndi  i'  irald'  :t  e will 


’ . I o t 


••  ve  I ■ IV".  ' I ') 


tl'-,!  pb.ino.  afreet  impt'.  ,v  •(■)■  n t . , .vh'atl',,  ,o  t ■fh'i  p i!  1 i ' ili;i' 


loCcit”;i  elvewhe;-  wield  ) ",olt-^e||",  ".;ativ  inil  . ■ 

exp  ' o i t a I i ,n  ind  i ito*,  i t i ve  I • -a  li  rs  h i p t war'  : r n,  > i :h'  t a 


I ■ ■ : . : I ' 


-r  . . f i : : 


(4) 

F’looJ  I'Toofitb)  cun'  ists  of  tho^o  to  s1  ruct . r o‘'.  jnc  ijilci’ 

CO''  teriTs  jre  jejiuritJ  or  .joapte-o  prin-arily  to  rcdc-jo  flood  da^  lO'-.-a. 

Such  3dj uc tr.ents  can  be  ;,choouled  to  be  undertaken  in  existing  buildings  'duri 
pe-iods  of  remodeling  or  expansion.  A|so,  they  can  be  incorporated  into  ne- 
bui  Idinon  during  initial  construction  o'*-  locotiot'S  v.hcre  studio-:  \ yi-:  -n 

tn  1-*-  such  DU  1 1 din-":-  c.ould  constitute  a proper  use  of  a flood  plain. 

FloO'i  proofing,  like  other  nic-thocs  of  preventing  flood  domag-us,  i.u., 

I ! T,  i t at  i ons  . It  can  aenorate  a false  sense  of  security  and  discouruoe  the- 
development  of  nee  led  flood  control  or  other  actions.  I ndi  scr  r"- i r.  utol  y us.d, 
't  can  tend  to  increase-  ^ne  uneconomical  use  of  flood  pi  jins.  Applied  to 
str-jctura  I I V inure.ruato  Duildinos,  it  can  resulr  in  -'are  damage  than  .-..-..Id 
occur  I*  the  t-iiding  «ore  not  flood  proofed. 

The  f I ooc  proofing  to-chnigue  also  presents  certuin  pr.a-cticul  oI.i.ujI 
A complex  pi-r'ern  of  land  jnd  building  ownership  would  present  proble  -s  in 
C'oeper  at  I c ' Defore  commun  i t-/-A  i de  program  of  flood  proofing  cca  I d bo 
c-'V'Pied  out.  In  addition,  retail  businesses  as  .>ol  I as  houses  're-j-acntlv 
change  Ownf^rship  an-l  this  tendency  -would  discourage  invesf-ments  *^or  pred-urir 
pri'-arii/  i a"--:  f-prT  *|  .c  protection  benefids.  Ar, other  compli^ufion  i ‘"'•- 
reguiromenr  of  anourite  and  tiriely  flood  forecasts  ‘or  successful  fl 
: >Der!tioru  in  s-ome  ..teas. 

Flood  proofing  has  I'-.portant  values  when  treated  as  part  of  a Pr^  . 
pr-upram  for  COP' prehens  i vo  flood  pi  ain  manage-taen-^ . .ontinued  occupanc**  -or 
de-/e!oped  fi  -c.-.l  pl-ain  site',  and  even  new  development  :f"jch  -sit'''",  "a. 
bf:-':''"-0  nese'sjr-.-  in  some-  low  'ving  areas — especially  in  .c-rtain  urpan  arvj.. 
unere  a shortarge  af  I :nd  mav  offer  no  alternative. 

In  addition  to  its  principal  values  of  permitting  occupance  in  •Ic-au 
plains  and  enablino  a baiidino  to  function  during  fl ced  per i ods , * I ooc 
p;P'fing  has  some  other  benefits: 

1.  It  offers  an  additional  tool  in  a comprehensive  flood  damage 

rradU'Ct  ion  progra'--. 

2.  It  can  increase  the  protection  afforded  bv  partial  protection 
f|.>ij  control  projects. 
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5.  It  '’1/  .rTTO^e  tho  jvj  i I at;  i I i t / o'  flood  Insurance. 

'I.  FYop''"U  unJorstoo.i,  it  con  incrociSi-  inferect'  in  f I:  . J ..'j'rago 
reduction  progr 'n-s  by  f oightcning  tfie  a.vurcness  of  fl>ood  risk. 

The  ch  r irtori  sties  ct  * I coding  vary  f n r,  fl'ioi  plain  to  ■flood  cl  a in 
anj  the  tv;"'  '.f  dr-/.,  i ^."■"len''  f I cc  d plains  is  h i nt  I v ji-y-n,,-!.  i i s vonijtion 
m.ai-es  It  tl'M-.r  * ■■.■le:r  th-a  flood  r.r.a-s--  re  auction  instrurents  c-’-st 

suited  *.  1 : i . ’n  f I ; blair  situation  ..nless  a dotuil'  ! unalvO'S  is  'j- d''r- 

token.  err  j-l  • " o:  of  flood  proofing  in  jry  di  .on  region  y.  ;una.  upon 

the  stag'd  of  M.'-Jin:,  tpc  velocity  of  flow,  the  duration  of  the  flood  periou, 
the  uses  buin;  ♦'he  flood  plain,  an'.'  The  relationchip  or  f I -oc'd  proo’in_: 

to  otnor  fled  : ; ".-lucfl't'  rr.euuurer. 


A f 1 H.)J  cnvucfing  progrd”-  'would  n:.rrr;jllv  ■••...rrant  serious  con 


as  a moans  .sf  tl^cJ  d;mjge  reduction  in  f'he  t.-,| 

Where  s-'-avt'  • h e.'0  oerrludec  ft  at  it 
tv.  pr  .'i  'I  'i  ontrol  St  r jc  ■ ■ ■■■ , 
a sub.  ti  tut  '-ean^  ot  reducing  flood 


lowing  circumstances; 

i -■  not  eccncm  i ra  I I y * e 
'i.ed  prcofiri.;  cou  I r 
IcSjC.s  . 


d.:.r-;*  i 


I 


^ • Jl  ’ 


WhofO  'uth  'n‘  •••d  ‘Icod  control  projer-s  h jve  not  seen  r -r  t.-as'e! 
bo'.au>0  I t t’f  Incal  cooper  a+ ion , -i:-;  pro;.*''  : could  pn-yi 
properf,  ■ wn  -r  Aith  an  opportunity  fo  . tncir  flood  r i i- . 


I 


Wti<'r-e  u‘'lit!':u,  minu t act u r i nq  pi  ints,  and  navigation  termi-.sls 
requir-u  rive-'-rnt  locations  to  .*icn  c f * i ve  I V , fl  ot 
proof  in-,  r 'u  I 1 . r,  V I d-  t^e  own.  .r  • '■he-' ; “uciliti'OS  an  r • jO  i ‘■y 

to  achiv.  : .v-ar.'-'  of  fUod  f'm.j;-;-  roduc^icn.  The  high.-.* 
prac-tic.;:  !■-  level  c protection  sn.ijIJ  be  dt‘c,--ded  to  assur-:- 
continuati  n of  ..tilitics. 

Where  f|-..od  pr.jotirq  and  flco-t  i vjrance  i-ro  cics'  ly  allitd, 
propertv  ■ wrer  could  elect  *u  fl.»-i  proof  t,.  re  I'ice  his  fh.-od 
risk  in  order  to  obtain  mor>-  fav.rut  io  fk  t insurance  rateo. 

Where  flood  c ntrol  ersjeer:  ► ,j,  proviJo;  'I,-  pa'ti.il  fiooj 
prote'ticn,  flood  pr, -.-fing  :aul-'  lo  pr  . *v  -,.vner-'.  * 

achieve  a hi  ta.'r  i'?qa_e  at  prot'''v.ti  n a ,u I I etherAi 

pr.  ’ . i Jed  . 

In  actu.il  caver  .vhere  f.,uil:ina,  ' 'c  fO'.'i  M ' "r  'Cf''d  In  a'c  rt,<'‘  ' 
w th  pl.'hp  le  ''Ifi".'!  wilt,  pro,  toss  i on  a I f-r  : i n.  .-t  i n ; ir  : ircti  i t.->c' ur  •!  • . k t , 

f I ood  proa  tint  h j.  per'  ortie  j =.  i f i sf  jc  rv  r j | ,;  f a j ' ' ' i gate  1 f 1 v ' I . 


I 


1 
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(•  J Fernuneat  EviCjatlon  cf  the  FiooJ  Plein. 
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P^-r'’ijnent  evicu  ition  of  developer*  jp^-js  set’jocT  to  i nur  de' ' ; n 
n . ! vtj-..  *'he  ,:cqu  i i t i .>r  oi  I jn-j.;  Dy  purchd'io  i*hfOuq.h  the  ex.orcise  of  the 
p„'wors  of  err'in-.Ti*  ■tv.''’!;-',  if  nece-adery),  the  lenjvdl  of  impro/enrent  , jr.'i 
the  relocjfion  of  the  perul  ition  fren  sach  are-is.  Londa  acquired  in 
this  manner  ccjid  ho  ja-,d  fef  agri  c.  a I turo,  park:,  or  other  purposes 
that  would  not  interfere  with  tioodflows  or  result  in  material  damage 
from  floods. 

Great  empt'iosis  is  being  placed  on  the  grc.ving  need  for  vastly  inc:eas-„d 
areas  for  recroationii  jnd  other  open-space  use:,  ■^reas  adjacer.t  to 
streams  and  uther  be  t of  .vater  nave  a natural  a'^tracT  ion  and  are 
roddily  adac’ablc  tc  reareation  and  open  areas . Fur'-,  :!ay]rcundc,  arc 
picnic  area.-  can  utili.’o  I ’nds  which  would  not  be  suii-iDlo  ton  facili'ie-: 
requiring  permanenT  structures.  A number  of  localities  t»  ncugnout  the  cr'untrv 
ire  usiTig  r I acd  .1  lirij  tor  such  purposes  ana  arc  reaping  secondary  benefits 
f'-om  thp  ^lood  d'-.age  prevention.  Federal  srant;  are  made  to  assist 
commanititi  in  acT.irinq  suen  open-spaces  when  linked  with  a program  of 
c ‘mprcheris  i V-’  planning. 

Urb.if  rc*n*owal  can  pe  used  in  tiood-bl  iqhted  an.pos  that  are  a drjin  cn 
■fhe  econori^  I i fj  and  welfare  of  the  community  and  do  nor  I .-'nd  t ficm  =e  I 
to  c^’e'  mothc'd'..  ot  regulation  and  control,  the  Fede’-al  Urban  Renewal 
P-ogram  p'-ovldes  .substantial  assistance  to  municipalities  burdened  with  .ucn 
CO’-r  : - lof  u . 

A redevelopment  program  should  include  flood-control  .oiks  where 
appropriate  .^o  necossarv  as  well  as  setting  aside  the  lower  flood-rlain 
areas  tor  pa'-k:,  cnc'-sDaces,  and  other  uses  not  subject  to  substantial 
flood  damacos.  Public  parking  areas  may  be  designated,  provided  ade;uite 
regulations  or  precautions  are  established.  To  minimize  flood  damages , 
the  upper  j-v-jp  can  pe  utilized  for  new  structures. 
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(6)  Other  MeaSLiro--^. 

A nethoo  which  may  De  used  to  liscouraae  :''-onr  is  th> 

erection  of  flood  warning  signs  in  the  fiood-ploin  area  or  ttic-  [-ror'ii  nest 
posting  of  pr'^vi  'Uj  hign-water  levels.  Tiiese  signs  carry  no  entoro^ent 
but  simply  serve  to  inforr"  prosooct  i .'e  fjver-j  fnat  a flo~d  h :7ara  . 

Tax  adjus1'">,-rtf.  fer  I jp  ; i' ■ i ic-itt:  ■;  • mro  alt^^n  , r.-.cr'^  * ic'’,  p-,-''..' . 
or  other  CC'C  -^r.-ce  uses  may  he  of  toe' i /■>  in  r>rr  :er  .■  i "g  -oxi  thing 
along  streams.  I'nles..  sucn  .i.ncc.'  ■ i’,-- ■ --r,.  - !,)■  , ‘or- I .uic  .■ijish''vt  • r. 
communities  .-.■ill  bocce  more  vuluablo  OjCi  yoo’’  oS  residential  cr  , nm-o,.  pc- i j i 
developments  move  into  parts  o<  it,  .vhicb  will  ^use  tax  evilujtion  of  ,:M 
adjacent  farmlan;*  to  rise  tc  the  Doin'  .vhere  Itr  !o"d  no  long.?r  can  :e 
used  profitaoiv  'or  farming  or  other  open  o‘e  . 

Very  little  building  is  carried  on  .-.ithour  ' i nutteti  r,g  . Ttier- ■ ‘ ~r- • , ienti 
institutions,  both  Federal  and  private,  are  in  a Dosition  to  exerci.^e  seme 
cor.trol  over  f!coc-pl  .ir.  deve  I opmont  py  tonying  mor-'-gaae  guarantees  or 
funds  to  sub  d i V i s i ,'t,  or  individual  bull  tet  . 

Community  cxemsion  brines  jLSJt  tn-..  ies  i •'e  'cr  "■0’"e  si-c-fm  rru;  , , ' : . 
From  a construction  standDoint,  eerhars  tn  ■ s;  t oconcricnl  motneJ 
providing  crossings  srr.sists  of  rc  :0w  .ys  on  ojrrti  embankment  ‘ , wi;n  a ,M 
bridge  or  culvert  to  oass  s t re-a"  f I ows . However,  this  is  often  the  least 
desirable  from'  a ‘lood  Jumage  point  of  view.  If  the  structure  is  kert 
at  a low  elevation,  if  is  freauentlv  flooded  and  fails  to  serve  its  ir.r..-pd-a 
purpose.  If  the  poadwjy  is  l-epT  hig’i,  above  fhe  flood  ol'iin,  if  will  ;;r 
as  a dam  and  i ncrease  "l.ar'd  stage;  upsfrtarri  jnless  the  waterway  ;r-'ni’  i 
adequj-e.  Theretcro,  ull  future  stream  crossings  sh'uld  c'*-"  i ;ns  ; ' 


prov  1 1-; ; 

DfXI  t ' ' ' " ‘ 
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Aneauate 
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t 7 ) Flood  Plain  Information. 

la)  I ntroducti on . The  flood  plain  i nforfM f i on  program 
auThori.’ed  by  Congress  provides  for  the  Corps  of  Lnqineers,  Department  of  the 
Army;  Soil  Conservation  Service,  Department  of  Agriculture;  and  Geological 
arvey,  Department  of  the  Interior;  and  other  Federal  agencies  to  prepare 
and  disseminate  i nformat i on  with  respect  to  flood  plain  managenient  to  Federal, 
'Tate,  and  local  planning  agencies. 

Section  206  of  the  I960  flood  Control  Act  (Public  Law  86- 
tdp,  as  arnenaed)  authorizes  the  Corps  of  Engineers  to  participate  in  the  flood 
plain  i nf. nation  program  by  preparing  and  disseminating  Flood  Plain  Informa- 
tion IFPI)  reports  and  by  providing  other  tecfinical  services.  The  Soil  Con- 
servation Service  prepares  Flood  Hazard  Analyses  (FHA)  reports  in  cooperation 
with  f-he  ■•‘ichigan  Water  Resources  Commission  under  the  iuthority  of  Section  6 
of  PubI iu  Law  83-566,  in  accordance  with  Recommendation  9(c)  of  House  Document 
Nc.  4c5,  89th  Congress,  2nd  Session.  The  Geological  Survev  and  other  Federa I 
agencies;  in  accordance  with  House  Document  No.  465;  also  take  part  in  carrying 

■ the  flo<ad  plain  intormation  program. 

( b ) FI ood  Plain  Information  and  Flood  Hazard  Analyses  Reports . 

As  stated  above,  the  Corps  of  Engineers  prepares  ..'nd 
di  ss.-mi  n ites  FPI  reports.  FPI  r ports  contain  historical  and  potential  flood 
wnict  ■■•in  bo  easily  understood  and  utilized  by  state  ant  iocal  planning 
jg-.nzios  IS  .Mali  is  Federal  agencies  in  promotinj  our  ul‘imate  objective  - the 
wise  on''  Li  it  uv  of  the  flood  plains.  The  Corps  also  provides  other  technical 
Lira,  e.g.,  flood  proofing  and  flood  plain  regulation  information. 

The  Soil  Conservation  Service  prepares  ana  disseminates 
FhA  reporta.  FHA\  reports  contain  delineated  flood  hazard  areas,  high  water 
pnifiles,  flood  plain  soil  surveys  and  soil  i nterpretat i on  data  for  use 
bv  Federil,  State  and  local  governmental  agencies  and  other  or ]an i zations 
p ir  r i I,  i pat  i ng  in  the  mancagement  of  flood  plains. 

Studies  conducfed.in  connection  with  the  prcparatic>n  of 
FPl  and  FHA  reports  include  field  investigations  and  the  collection  of  fIcx.Kl 
plain  data  originating  with  local  coord  i n.it  i nq  agencies  such  as  wa-*ershed. 


i , or  bastn  planning  organ  i z<jt  ion;. . In  the  State  ,f  “i.Mn-;-, 
p-iorities  regarding  the  location  and  extent  of  flood  plain  i^^  r',  ■ 

and  flood  hazard  analyses  studies  are  set  by  the  Michigan  Water  Res<^ur 
'ommi ssion . 

Figure  V-23  shows  fhe  reaches  o''  streann  w'^'-n. - mi 
and  FH*,  studies  h.jve  been  completed  and  those  that  are  planr.  ; • pt 
t^kon  in  the  basin.  Figure  V-24  indicates  how  land  areas  wit'-in  ‘h-'  •' 
plain  may  be  used  to  reduce  flood  damages.  Tables  V-23  and  •- 

fully,  list  the  FPI  and  FH.A  studies  that  h.)^^  been  completed  ms  +hr  i-  ••  :• 
are  planned  to  be  carried  out  in  the  basin. 


FPI  and  FHA  reports  attempt  to  achieve  ^he  fol Inwin: 


object i ves ; 


£.  Compile  and  present  in  clear  and  useful  ft.rn.  all 
pertinent  information  relative  to  past  and  potential  flood  hazards  inrlu<;i- 
identification  of  areas  subject  to  inundation  by  floods  of  various  m.iinitih-  . 

b.  Encourage  prudent  use  of  our  river  val  leys  t">  : • 

j basis  for  state  or  local  regulation  of  flood  plain  uses,  promotin.;  thn  I't-.  - 
paration  of  land  use  plans  which  preserve  an  adequate  channel  to  j,  . ♦. 

f lood  f lows. 


c.  Publicize  in  an  understandable  fern;  i n‘oi  r..t  I at  ♦ 
gu!  le  interests  in  either  local  or  general  areas  of  concern.. 

d.  Minimize  the  need  for  flood  control  projects  T-  ;■ 
tect  future  development  which  could  otherwise  have  been  built  thereby 
tuifinq  the  concepts  of  environmental  preservation. 


LOWER  GRAND  RIVER  BASIN 


STUDY  LIMITS 


COMPLETED  AND  PLANNED  FLOOD 
PLAIN  INFORMATION  AND  FLOOD 
HAZARD  ANALYSES  STUDIES 


UPPER  GRAND  RIVER  BASIN 


LEGEND 


COMPLETED  AND 
PLANNED  FLOOD  PLAIN 
INFORMATION  AND 
FLOOD  HAZARD 
ANALYSES  STUDIES 


Table  V-?T 


FLOOD  PL.MN  INFORMATION  AND  FL.:OD 
HAZARD  ANALYSES  REPORTS 


Date 

Report 

A.iency 

Lump  1 eted 

Stream 

uTudv  Reach 

1 ngham  and 
Eaton 
Count i es 
IFPI  ) 

COE 

1969 

Grand  River 

From  the  Dirjondale  i- ;m  in  :.'i- 
n.ondale  to  the  1 n ita'"-.!.;^  i- uo'i 
County  lino,  Latm  -jn  ! 1-  m 

Counties,  Mi  hlaari. 

1 ngham 
County 
(FPI  ) 

COE 

March 

1968 

Red  Cedar 
Ri  ver 

From  the  Michinan  btate  Utii\'-r- 
sity  Dan:  in  Last  Linking  to  the 
Straight  Dam  in  '/v  i 1 1 i .jr  , *.jn 

Lansing  and 
V i i n i ty 
(FPI  ) 

COE 

A p r i 1 
1970 

Grand  River, 
Red  Cedar 
River,  und 
Sycamore 
Creek 

On  the  Grand  t-iiver,  from  the 
Grana  Ledge  Dam  to  the  i ■.j  1 1' 
Dam;  or.  the  Red  Couai  , from  the 
confluence  with  tht>  frand  - i /er 
to  the  Michi'i.tn  '.taTe  an  i ver  i tv 
Dam  on  Sycamore  Creek,  f rorr  its 
mouth  to  the  Holt  Road  i-ridie 

Clin  t-Qii 
County 
(FPI  ) 

COE 

December 

1969 

Look i ng- 
g 1 ass 
River 

From,  the  1 on  i i-u  1 i nton  Nountv 
1 i no  cove’  i ng  . •<  i ' ' , ( he 
Wacousta  ar.  -, , 1h.  ’harf'-r 
townsiiipu  1 t lOertown  .md  c ith. 
the  Townships  cf  I'cAift.  ''liv.-, 
Fagle,  and  Victor  to  the 
C 1 i nton-Sh i rwassee  ounty  line. 

Grand 
Rap i ds 
(FPI  ) 

COE 

September 

1071 

Grand 
Ri  ver 

From  1he  Ken  t-  tf.'vs  j o^.rity  line 
throuqfi  fhe  citii'  •_  1 • int- 

vi  1 le,  .Va  1 ker  , Ay-'n'i  r,  : . ar  : 

('irand  Rapids;  f!,r.,iu  ;h  c'l-  .r..,  ;■ 
Park,  Plaint  iel  a eei  ji' ! 

through  the  t.  wnstHpj  , f ■ l.ii’'- 
f iold  and  Cann.tn  tp,  tp,,  , .inti.  s- 
Ada  tc'wnsh  ip  1 i nc  . 

PI  ad ter 
Creek 
t FP 1 ) 

- • r 

• >i  • 

J une 
1971 

Plaster 

Creek 

Froni  the  contluen.  i t M ■ 
Creek  and  thc>  ••rand  in 

Kent  County  thr^iugti  th,-.  _itie. 
ot  ivyoming.  Or  .in  i Rapid'-,  ric 
Kentwood  (o  rsOKi  Ltrc-et.  k|  •> 
t r-  i (•u  t ar  i e 1 i t t ! , • P 1 , . • .'r 
Ct  eek  * • • P : ‘ t . ' n A\  > 'M  ji  ■ 

Wiiiskey  ir-'i’k  tci  .'"Oi  ‘r  ■••••. 

flij. 
;reek 
C-  HA) 

J ijn-* 
1 >7: 

Ruck 
'i  r oek 

Fr.:’'  onflu'cr  ’e  't  r-a.  - r-  ’ >• 
and  • -r  !'i  ■ i V-  r 1 ’■■st-Ai  • 

. . us'  , ! i • • ir  I ■ ■ ‘ • T-  •t. 

Table  V-24 

fl'JOD  plain  information  and  flood  hazard  analyses  studies 

Studies  Under  Application 

Stream  Study  Reach 


a and  River 


Oiand  River  and 
Lookingglass  River 


Grand  River 


Thornapple  River 


F I a t River 


Gt  and  River 


' I ir  Ri  ver 


'■  •raiV-'  i'l  .er 


R(  >g  ue  R i VO  r 


Thornapple  TTiver 


T riorn  ::'P  I e Ri 


FPI  study  from  the  east  city  limits  of  Ionia  to 
the  west  ^i ty  limits. 

FPI  study:  Grand  River  from  south  city  limits  of 

Portland  to  north  city  limits.  Lookingglass  River 
from  east  city  limits  of  Portland  to  Grand  River. 

FPI  study  from  the  east  Kent  County  line  through  the 
city  of  Lowell  to  west  city  limits. 

FPI  study  from  Center  Road  through  the  city  of 
Hastings  to  the  west  city  lirtiifs. 

FPI  study  from  the  north  city  limits  of  Greenville 
to  the  south  city  limits. 

FHA  study  from  the  east  line  of  section  I to  the 
west  line  of  section  2 al I in  Boston  Township 
through  the  village  of  Saranac. 

FPI  study  from  the  north  line  of  section  12,  T3N', 

R8W,  through  the  city  of  belding  to  the  south  city 
I i mi ts . 

FHA  study  in  Blackman  Township:  on  the  Grand  Riv«.-t 

from  the  Maple  Grove  Road  up  through  the  city  of 
Jackson  to  Probert  Road;  on  the  north  branch  of  the 
Grand  River,  from  its  confluence  with  the  Grand  Riv(.'r, 
to  Center  Lake;  and  on  the  Portage  River,  from  its 
confluence  with  the  Grand  River,  to  the  Blackman- 
Leonia  Township  line. 

FPI  study  from  the  north  city  limits  of  Rockford 
to  the  Childsdale  Avenue  Bridge. 

FPI  study  from  the  south  lino  of  section  rt- 
through  the  vi I I age  of  Middlcvi I In  to  the  north 
line  of  section  22 . 

FPI  study  from  the  S'^st  village  limits  o1  Nrt'vilH' 
to  the  west  village  limits. 


V-24R 


stream 


Table  V-24  (Cont'd) 


■^tudy  Reach 


Sycamore  Creek  and 
Mud  Creek 

Red  Cedar  Ri ver 

Grand  River 

Grand  Ri ver 

Grand  River 


Grand  Ri ver  and 
Thornapp I e Ri ver 


FPI  study:  Sycamore  Creek  from  Holt  Road  to 

Tomlinson  Road;  Mud  Creek  from  the  confluence  to 
Columbia  Road. 

FPI  study  from  Williamston  to  the  ln;h.:rr- 
Livingston  County  line. 

FPI  study  from  C I i nton- I on i a County  Tine  to 
Grand  Ledge. 

FPI  study  from  the  north  city  lifvit  'rand  Rapids 
to  the  west  city  limits  r>f  Aolket  and  inaville. 

FPI  study  extending  from  the  west  lallr:ad.jr  lown- 
ship  lino  through  Tallmadqe  and  .eMt^etowr.  Township-, 
to  the  Ottawa-Kent  County  line. 

FPI  study  on  the  Grand  River  extending  from  the 
Cannon-Ada  Township  line  upstream  thr  >uoh  the  ritv 
of  Ada  to  the  Ada-Cascade  Township  line  ;nd  on  ttn- 
Thornappie  River  from  its  confluenite  .%  i fh  the  Gr.jnd 
River  upstream  to  the  Ada-  C.jscade  Township  line. 


V-2.10 


' ■■■1  *4-iTi^;rnl  ri'X>j  Insarjnce  ‘Voqrjr, 

'he  'liMon,'3l  flood  Insurance  Progrdfri  a'js  e'shab  I i -ihod  hy  the  Housing 
end  lirb  in  Dt.A'eIoprnent-  A:;t  of  Ih6d  to  mcike  specified  amounts  of  ^ I ood  insurun  • , 
previvusly  'jn.w:  i I ib  le  fror^  private  insurers,  available  under  federal  auupi'^  . 

In  refurn  for  t-h.-  provision  of  subsidised  insurance  to  cxistina  properties,  ■ ,e 
Act  require,  hhut  State  and  local  governments  adopt  and  enforce  land  use  and 
control  measures  that  will  guide  development  in  flood-prone  areas  in  order  to 
avoid  or  reduce  future  flood  damage.  A Id69  Amendment  to  the  Act  expanded  the 
definition  of  flood  to  include  mudslides,  and  mudslide  area  restri ctions  are 
also  r,.quired,  wherever  applicable. 

Authority  under  the  Act  has  been  delegated  to  the  Federal  Insurancc- 
Adm  inistrator  in  the  21 .S  Housing  and  Urban  Deyelopment  (451  7th  Street,  S.d. 

'.'(ash  i ngton , D.  C.  20410).  The  program  is  a cooperative  effort  between  the 
Federal  Government  and  the  private  insurance  Industry,  which  is  represented 
fhe  'J.itional  Flood  Insurance  Association. 

To  Qualify  for  the  program,  a community  must  submit  to  the  Adm i n i ■.  t r i toi 
t wtitter,  reiiucst  to  participate  in  the  flood  insurance  program  for  the  entire 
irt  ! .indor  its  J ur  i sd  i ct  i ori . The  documentation  required  by  the  renulations 
i 'V'  im  the  1 1 au  d insurince  program  must  accompany  the  written  request. 

'''Ithoua''  there  is  no  ipplication  form,  fhe  Administrator  will,  ot' 
"'■iu'..',  furnish  local  official.-  with  a copy  of  a chocKli-f  end  idled  f'rerequ  i . i ' . 

■ r • I--  ' flood  Insur.inco  de-.cribinq  ftie  documnn  t jf  ion  ^rescrih^?d  by  t(ie 

• ' ‘lu'  r'ions  which  is  neceusiry  to  qualify  for  flood  iri'^.urance.  Ir  -il 

' -I  ..  "'u'.r  -..ubr^it  i copy  of  the  land  use  and  control  measures  which  ‘rave 
- •'.pfv'3  i'l  cijmpli-ince  witri  fht-  standards  set  forth  in  program  regulations. 

' ' *■  ince  in  qualifying  for  flood  insurance-  is  avail, ible  diiectlv 

■ - ' • (••'.!  Insurance  Administration.  The  Govt  rnor  of  t.'ver'v  St.ite  an,:  tht,- 

■ w.  -!•'  ■'  ' ur,ifr,  ■■.irr  has  appointed  a Gfatp  coord  i n.if  i no  aqency  to  a'^  , i f 
• ■■  i " ti;  1 1 i fy  i nr;  tor  the  pr>.>qram  and  in  the  development  of  -accot- 1 ab  I 
• ’ md  .son*''  I measjri  s. 


V - . ' h . ) 


r 


/Jhen  a comrr.jnit'y  becomes  eligible,  notice  is  published  in  the  Federal 
Register,  and  officials  of  the  community  arc  advised  by  letter  of  +hr 
tnat  the  sale  of  insurance  will  commence.  The  local  nows  media  is  advised 
of  the  action.  Local  insurance  agents  and  brokers  are  informed  individual iy 
of  the  availability  of  coverage  bv  NFIA. 


After  a community  begins  participatim  in  th^-  flood  insur-nce  prr.  :r  .ir  , 
flood  insurance  policies  may  be  purchased  from  any  property  ;tid  casual*'' 
insurance  agent  broker  licensed  to  do  business  within  the  Ttat-.-. 


Insurance  at  subsidized  premimum  rates  "Tiay  be  purchased  * r jry  existir,T 
building  or  for  any  building  whose  construction  was  started  before  the  date 
the  community  was  identified  as  a hazardous  area,  and  for  any  neA  construction 
outside  the  areas  of  special  flood  hazards.  Insurance  at  the  subsidized  rates 
may  he  purenased  in  amounts  up  to  $17,500  for  single  family  residential  struct'j'’es 
'ncluting  townhouses  or  rov-houscr ) and  up  to  $30,000  for  all  other  structures. 
Contents  coverapf  is  available  at  subsidized  rates  in  amounts  up  to  $5,000  per 
unit  and  may  bo  purchased  by  either  the  owner  or  the  tenant. 


'''ubs  i c‘ i zed  premimum  rates,  which  became  effective  or  10  July  1972,  are 
shown  below; 


^vpo  of 
St  ruct  ure 


Va I uc  of 
Structure 


Rate 

Per  Year 
Per  $100 
Structur i I 
Coverage 


Rate 

Per  Year 
Per  $ 1 00 
Contents 
Coveraae 


( 1 ) Single 

$17,500  and  under 

$0.25 

$0 . 35 

fami 1 ! 

17,501  - 35,000 

. 30 

.40 

mes  i decit  i a 1 

35,001  and  over 

.35 

.45 

(.;)  AM 

50,000  and  under 

.25 

.55 

of  her 

30,001  - b0,000 

.30 

.40 

reu ideni iul 

b0,0QI  and  over 

. 55 

( f ) A ' 1 1 lon- 

50,000  and  under 

.40 

.■'5 

r>  -,  i '.).■••  fill 

50,001  - ''0,000 

.50 

.75 

{ i lull  no 

•f0,00l  and  over 

.60 

. 7‘ 

hc  tel  . ind 
rriotf-P.  with 
norm  ; | 

■ccupani-'v 
or  le.s  rnan 
s i X months  i n 
Jurat  ion) 


—~c 


t 

I 


I 


■I 

3^ 

p 

1.1 


1 


I 


Upon  completfon  of  a rate  study  for  the  particular  community,  additional 
coverage  equal  to  the  amounts  available  at  the  subsidised  rates,  «ill  be 
available  if  actuarial  rates. 

Althouan  no  minimum  amount  of  insurance  i • required,  the 
coverage  should  be  adequate  for  anticipated  losses.  The  minimum  premium  crnro^,. 
on  each  policy  i,  !.2b,  and  there  is  a 54  minimum  charge  for  any  change  in 
coV’^Taje  during  the  terr  of  a policy. 

The  amount  or  the  deductible,  applicable  separately  to  both  the  _ t r u . t jr.j 
I'-j  the  content-,  is  i i ttior  5. '00  or  2 percent  of  th.'  amount  of  tt  e Ion  , 

.vhichever  is  qm.ater. 

To  avoic  djplic.it  ion  of  benefits,  the  act  provides  that  *^ederal  disister 
assistance  will  not  be  available  to  reimburse  propertv  losses  to  the  extent 
that  the  losses  are  covered  under  flood  insurance  policies.  The  .ict  also, 
provides  that  no  Federal  disaster  assist.ance  «vi  I I be  available  to  reimburse 
losso^  trnt  occur  aftei  ''I  December  1973  to  the  extent  that  the  ...Apor  could 
have  obtained  flood  insurance  and  failed  to  do  so.  This  latter  requirement 
aOu  i d apply  only  if  flood  insurance  had  be<;n  available  in  the  community  f.'r 
it  least  one  year.  It  ,vou  I d not  bo  applicable  to  low  income  persons. 

The  Federal  Insurance  Administration  hau  been  authorised  to  provide 
subsidised  flood  insunnee  until  31  December  1^73  without  first  determining 
the  individu.il  community's  actuarial  premium  rates,  which  is  a prerenui  .ite 
for  coverage  under  the  regular  program.  The  emergency  program  is  intende.J 
primarily  as  an  interim  program  to  provide  earlier  coverage  tor  potential  tlool 
victims  pending  the  completion  of  actuari.il  studies.  The  Federal  Insur.ince 
Adm  i n i str.it  i on  has  no  authority  under  the  emergency  program  either  to  diet 
the  hiqhor  limits  of  coverage  or  to  offer  subsidised  premium  riles  te  new 
construction.  New  construction  cannot  be  covered  under  fhe  emergency  preqr.i'^ 
but  must  wiit  until  actuarial  premium  rat^s  have  been  est.ib  I i shed . The  t-ni  r - 
gency  program  does  not  affect  the  requirement  that  a community  must  'i.jv  ade- 
quate land  use  and  control  measures  in  effect  in  or.ler  to  parficipafr'  in  the 
flood  insurmce'  pr-sgram. 


For  inland  and  coastal  regions,  the  special  flood  hazard  area  generally 
rieans  any  area  which  has  a one  percent  annual  chance  of  flooding.  The  special 
mudslide  hazard  area  is  any  area  with  a high  potential  for  mudslides. 


The  Federal  Insurance  Administrator  is  responsible  for  identifying  the 
special  flood  or  mudslide  hazard  areas  and  ^or  supplying  the  comm^unity  Aiith 
the  technical  data  necessary  to  the  development  of  a sound  mangement  program 
for  t|ood  and  mudslide  prone  jreas.  The  Adm i n i st rator  may  initiate  technical 
studies  through  other  Fedor  il  aaen.ies,  f ite,  or  local  agencies,  or 
through  private  engineering  •ir-’  , ■ r n.-  ’•  ly  utilize  existing  data.  In  any 


event,  no  exp’j"  _e  t,.r  t> 


■ j ; A ' I ! : 


••  the  community. 


FIO'  ; I.:in  mana'ie" • r\t  • . 

. irrective  and  preven  r i v.,'  m,.  , . 

rr  t limited  to  emergencv  e.  : 
u-.e  and  control  measur-: . 


. . *i_-  of  an  overall  program  of 
•d-.ing  Moed  damage,  including  but 
in  , *lu.,d  control  works,  and  land 


Land  use  regulations  can  be  help I in  allocating  unprotected  lands  to 
fneir  most  .jppropriate  use-'  -inO  in  preven*inq  private  and  public  landowners 
froni  burdening  other  I an  dowtiers  or  t‘ie  publio  with  the  cost  of  losses  resulfina 
1 rom  the  unwise  use  ot  floodprone  lands. 


Although  each  State  has  the  primary  authority  to  control  land  use, 
in  most  cases  local  governments  have  been  granted  this  authority.  Minimum 
Tandards  for  local  ordinances  have  been  published  by  tbe  Federal  Insurance 
Admi n i strator . Local  governments  must  show  evidence  that  decisions  concerning 
hhe  location,  design,  and  construction  of  new  structures  will  take  known  flood 
hazards  into  account.  This  type  of  control  i-  generally  accompi ish('d  through 
-I  building  permit  system  and  sub-division  regulations. 

Within  six  months  after  the  Administration  has  furnished  new  technical 
Jifa  more  precisely  defining  the  hazards,  additional  land  use  and  control 
regu i rements , based  on  the  data  furnished,  will  have  to  be  met. 


Whether  land  use  controls  apply  to  existing  structures  is  determined  by 
the  laws  of  the  community  in  which  the  property  is  located.  From  a Federal 
standpoint,  however,  suuh  controls  must  apply  to  all  new  construction  or  sub- 
stantial improvement  of  prooerties  located  in  tne  special  flood  hazard  area 
begun  after  the  date  the  flood  hazard  area  is  identified  by  the  Admi n i strator . 

The  land  use  measures  must  be  applied  equally,  at  least  to  a I I known 
special  flood  or  mudslide  hazard  areas  within  its  jurisdiction. 


Land  use  measures  that  do  not  fully  meet  the  standards  prescribed  in 
the  reculation"^  may  be  adopted  if  exceptional  conditions  exist  that  make 
adherence  to  such  standards  premature  or  uneconomic.  The  nature,  extent 
of,  and  reasons  for  any  variances  from  regulatory  standards  should  be  explained 
if:  writing  and  supborting  economic,  topographic,  hydrologic,  and  other 
technical  data  submitted  with  the  copy  of  the  land  use  measures  sent  to  the 
A dm i p i s+  rator . 


(9)  Cost  of  Non-Structura I Projrdms.  The  cost  of 
implementinq  non-structura  I flood  protection  programs  ivfich  includes  perrru- 
nent  evacuation  and  flood  plain  regulation  measures  has  generally  been  the 
respons i b i I i f y of  local  interests.  However,  in  recent  years,  the  Corps  t 
engineers  ha  recommended  local  flood  protection  plans  that  included  non- 
structural  me.i.ures  (e.q.,  the  Prairie  du  Chien,  Wisconsin,  proposed  ’I  - d 
control  project  described  below.  These  local  protection  plans  included 
cost-sharing  arrangements  that  provided  for  Federal  participation. 

The  overall  cost  of  satisfying  permanent  evacuation, 
flood  plain  regulation,  and  flood  proofing  needs  in  the  Grand  River  basin 
Mas  not  been  established. 

The  cost  of  preparing  and  disseminating  flood  plair. 
information  reports  and  providing  other  technical  services  to  States  and 
.'ther  Federal  and  local  agencies  is  also  a Federal  responsibility.  To 
date,  the  Corps  of  Engineers  has  expended  approximate! y SI  90,000  to  per- 
form flood  plain  informaTion  studies  in  the  Grand  River  basin  on  specific 
reji'hes  or  rfna  Grand,  Red  Cedar,  and  Looki  ngglass  Rivers.  These  are  nov- 
completed  .fu  . ies. 

Ongoing  flood  plain  informaTion  studies  on  other 
reaches  of  the  Grand  River  are  expected  to  cost  approximately  SI30.000  of 
which  Sh6,000  has  been  expended.  Other  flood  plain  information  studies 
scheduled  to  be  conducted  in  the  basin  are  estimated  to  cost  approx imatel v 
S?‘50,000.  The  Soil  Conservation  Service  has  expended  approximately  180,000 
on  Flood  Hazard  Analyses  In  the  basin. 
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(10'  Proposed  Non- ' + ructur j I Flood  Control  Pr 


Pni:i.‘  ,;.i  .hinn,  '.‘j  i scons  i n . The  District  Engineer  of  the  St.  f-jul,  '•'inno- 
sot.)  .dstri^T,  worps  of  Engineers,  in  i970,  submitted  to  hi-.f'.r 
an  "Interim  Survey  Report  tor  Flood  Control,  Mississippi  River  at  Prairie 
du  Chien,  .v  i sr.,n  , i n . " Non-structura  I flood  control  measures  are  included 
Ja  tnr  ,,  I in  * i morovement  at  Prairie  du  Chien.  The  recommended  'os^-sh  ir  i ng 
arrarr:  • 't  ‘ r 'he  proposed  project  calls  for  Federal  parti  i r,  i"' i "■ 

the  non-structura  I flood  control  measure  r‘=  ;■  t 

in^lud-:  rl)  pt-rminent  evacuation,  (2)  flood  plain  regulate  • . md 

flood  :r  ..ti-  :.  The  total  cost  of  rhe  proposed  project  is  ■ 

SI, 640,000,  based  on  July  1970  price  levels. 

In  the  apsence  of  an  established  cost-shar i rig  policy  tor 
Federally  -.ponsored  local  t|ood  protection  projects  in  which  evacuation  ana 
flood  rijin  regulation  measures  are  recommended  as  the  plan  of  improvement, 
a number  of  alternative  cost-sharing  arrangements  were  considered.  Hiwever, 
the  a 1 '■-.rn  jt i ve  recommended  for  the  proposed  project  is  an  BO  perrer,-^  Federal 
and  20  percent  non-Federal  cost-sharing  arrangement . * 

The  proposed  non-structura I flood  control  projpcf  report 
for  Pr.  irie  du  Chien,  to  date,  has  not  received  Congressional  aut^  .rizatirn . 
The  ooand  of  Engineers  for  Rivers  and  flarbors.  Corps  of  Fnginee'-v  «vith  •■'inor 
revisions,  endorsed  the  plan.  It  is  now  undergoing  review  in  the  Office  of 
Management  and  Budget  prior  to  being  forwarded  to  the  Congress. 


* It  has  been  established  that  the  Uniforfn  Relocation  Assistance  and  Real 
Property  Acquisition  Policies  Act  of  1970  (Public  law  91-646)  is  applicable 
to  the  proposed  non-structura  I flood  control  project  at  P-'nirl'^  du  rhien. 
Under  Public  Law  91-646,  funds  could  be  provided  for  implementation  of  the 
recommended  Prairie  du  Chien  plan  provided  it  receives  Cen gross i ona I 
author i zat i on . 
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l ocal  r'rotec^ion . 
(a)  Lans i re  . 


A flood  con  1 ro I proted  ion  scfujit^r  for  Lansing  has 
authorized  by  Congress  for  construction  (House  Docu'-ient  ‘Jo.  I32,  3dth  ( -,'jr  ■ 
2nd  Session,  dated  27  June  I956). 

The  plan  of  improvement  for  the  Grand  and  Red  Cedar  Rivers  at  I an  . i 
and  vicinity  found  most  practical  within  the  limits  of  economic  justifiu.'i- 
is  based  on  a combined  design  discharge  of  2?, 000  second-feet  which  is  ;Lo-,. ' 
iO  percent  in  excess  of  the  reported  rr.aximum  flood  c'  record  ( I904)  and  ac-/u 
50  percent  in  excess  of  the  April  1947  flood.  At  the  staoe  resulting  •' rem 
this  design  flood  the  channels  would  have  a minimun:  design  freeboard  of 
2 feet.  With  the  exception  of  I or  2 local  areas,  ^or  which  levee?  .vou  I d c- 
provided,  the  channels  would  carry  a cembined  flood  discharge  of  abcuf  cC , 
second-feet  with  only  minor  surface  water  inundation  and  limited  backwatt-r 
fhrougli  sewers  and  seepage  into  basements.  The  principal  features  of  tnis 
proposed  plan  o+  improvement  are  as  follows: 

(a)  The  existing  Red  Cedar  River  channel  would  be  wide’’ 
deepened,  and  strai  gfaened  frem  below  the  College  Dam  cn  the  Michigan 
Col lege  campus  in  East  Lansing  to  its  confluence  with  the  Grand  River  in 
Lansing  to  provide  flood  flow  capacity  of  8,600  cuDic  feet  per  second  as  ^ 
as  Sycamore  Creek  and  thence  I I ,000  cubic  feet  per  second  to  the  Grand  river 
a total  distance  of  about  5 miles,  approximate! v as  follows: 

(I)  Provide  an  unlined  earth  channel  about  70- foot 
bottom  width,  I on  4 s i de  slopes,  1 6-foot  design  depth,  and  1. 5 feet  per 
mile  gradient  extending  for  about  17,500  feet  from  the  College  Dam  to  the 
confluence  with  the  Sycamore  Creek.  The  upper  end  of  this  desian  channel 
is  to  be  sloped  upward  to  meet  the  existing  bottom  graae  at  the  dam.  The 
restricted  openings  through  the  Chesapeake  & Ohio  Railway  bridge  (College 
spur)  and  Harrison  Road  Bridge  are  to  be  riprapped  to  permit  the  greater 
velocity  without  excessive  scour  and  the  still  smaller  openings  of  the 
Athletic  Bridge  are  to  be  payed  with  reinforced  concrete  to  prevent  sccur 
from  high  velocities  during  flood  flows. 


(.2)  rr'vide  a c.hjnnol  «it!i  I 1 0- ^ t hcHf.'ii  wi.l'f  ,1'* 

5 i de-''.  lopos . and  17-foot  desiqn  dopth  and  l.0-too1  per  mile  slope  oxtorji!.; 
frxim  thC'  mouth  ot  *^yc  ‘fkjro  Creek  to  the  Grand  f-liver,  a total  dist  ince  c'* 
aix)ut  8,000  feet.  Openings  througfi  existing  railroad  and  higkv.!iy  brid;<'" 
in  this  reach  should  be  riprapped  to  prevent  erosion. 

(5)  Clean  out  and  straiafiten  that  portion  ot  tt.e  '• 

Creek  within  Lansing  city  limits  so  as  to  provide  better  flow  coruli  1 i . . 

(b)  i he  existing  Grand  River  chanrx?!  from  its  cc  n f I ic  v.it‘. 
the  Red  Cedir  River  in  lansing  would  be  widened,  deepened,  and  s f r int’t. ; 
downstrear:  tc.  a p-.int  about  two-thirds  of  ..i  mi  |e  polow  the  ‘torth  1/  : ; 

f'ridgo,  a total  distance  ot  6 miles,  to  provide  a f I od  ‘low  design  c.g  iri‘v  r 
12,400  cubic  feet  per  second  including  1,400  cubic  feet  per  second  free  the 
Grand  River  above  its  junction  with  ft\e  Red  Cedar,  app  rex  i mate  ly ' as  ’.'ll'w  ; 

(11  Provide,  by  means  of  a general  cleaning  cut,  i 
with  a bottom  width  of  about  110  feet,  1 on  3 side  slopes,  ll'-fcxgt  design 
depth,  and  l.b  feet  per  mile  gradient  extending  f ro-r:  the  Grand-t'cd  Cea  rt  . iv.'"" 
junction  downstream  to  the  thlawassee  Street  Gridge,  i total  distanc(>  of 
about  8,000  feet.  Lxisfinca  side  slopes  in  this  re  ;ch  above  the  cut  w'f'  ■ t be 
disturted  except  as  noted  belcw  and  will  be  paved  with  about  I “t  i rchen  cf 
dumped  riprap  to  reduce  tank  scour.  In  the  vicinity  of  the  new  r‘al''  ' r C’  - 
Bridge  it  is  desirable  to  widen  the  channel  and  to  provide  1 on  3 side  i Icpes 
paved  wits  IB  inches  of  dur^ped  riprap  to  prevent  bank  scour. 

(2)  Provide  an  unpaved  earth  channel  of  I’^’O-foot  t'ot-*  - 
width,  1 on  4 side  slopes,  17-foot  design  depth,  approx imato I v 1.0  foot  per 
mile  gradient  extending  from  the  Shiawassee  Street  Bridge  downstream  to  the 
North  Lansing  Pam,  a total  distance  of  about  2,100  feet.  Existing  channel 
conditions  in  this  reach  permit  the  use  of  this  tvpe  of  design  channel  without 
extensive  channel  excavation  and  real  estate  costs. 

(3)  Provide  an  unlined  earth  channel  with  150- foot  bottom 
width,  1 on  4 side  slopes,  16-foot  design  depth,  and  1.5  font  per  mile  gr«dient 
extending  ‘rom  the  North  Lansing  Dam  downstream  to  the  Sevmour  Street  Bridie, 
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ti  tol.;!  JiM  irKe  >''(  l',fOO  fool. 

(•1)  I'rovide  an  unlinod  oardfi  channel  having  about  280- 
foot  bottom  width,  1 on  4 side  slopes,  16-foot  (tesiqn  depth,  end  0.36  foot 
per  mi  le  gradient  extendi  tig  from  the  Seymour  Street  Bridge  downstream  to 
about  two-thirds  of  a mile  below  North  Wavorly  Road  Bridne,  a total  distance 
of  about  21,000  feet.  Because  of  the  undeveloped  nature  of  ttie  river  bants 
in  this  area  the  design  of  this  portion  of  the  charnel  has  been  flattened  arid 
widened  to  permit  a r'eduction  in  qr'adc  so  that  the  f loodwater  will  blend  into 
the  biickwciter  from  ttie  natural  channel  downstream  as  soon  as  possible. 

(c)  A bypass  channel  with  a design  capacity  of  13,000  secend- 
feet  will  be  provided  between  the  Grand  River  in  tf'e  vicinity  of  Millett 
and  the  Grand  River  in  the  vicinity  of  Delta  Mills,  a total  distance  of  about 
6 mi  les,  app rox i mate ly  as  fo I lows: 

(1)  Provide  an  unlined  earth  channel  with  about  6b-foot 
bottom  width,  1 on  -1  side  slopes,  20-foot  design  deptti,  and  l.b  feet  per  mile 
gradient  extending  for  about  27,600  feet  from  the  Grand  River  diversion  works 
to  a drop  structure.  A reinforced  coricrete  head  weir  and  drop  structure  will 
be  provided  at  tfiti  upper  end  to  permiit  adequate  transition  of  flow  from  tfie 
pond  at'ove  ttie  diversion  dam  to  the  cutoff  channel. 

(2)  Provide  a reinforced  concrete  paved  drop  structure 
with  adequate  stilling  basin  to  permit  a design  water  surface  drop  of  about 
18. -4  feet  and  a channel  t'ottom  drop  of  about  12.4  feet. 

(3)  Provide  an  unlined  earth  channel  of  160-foot  bottom  wid'*-, 
1 on  4 side  slopes,  14-foot  design  depth,  and  1.3  feet  per  mile  gradient  for 

a distance  of  at'Ouf  4,300  feet  from  the  drop  structure  to  the  Grand  River  in 
the  vicinity  of  Delta  Mills. 

Those  ctiannel  enlargements  involving  about  9,621,000  cubic  yards  of  excavated 
m.jterials  ar'e  b.jsed  on  the  following  design  criteria: 

Manning  roughness  coefficient: 

Earth  and  riprapped  channe I s~0 . 03 
Concrete-  I i ned  channe  I --0 , 0 1 6 

Maximum  velocities  the  various  channel  sections  are  to  be  subJocti.'d  to  - 
Ear~th  channel  = 4.0  feet  per  second 
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Riprap  channc  I ■■  5 . 0 feet  eer  second 
Through  ripranoed  bridqe=6  feet  per  second 
Through  concrete  paved  bridge~8  feet  per  second 
The  design  depths  for  these  channels  have  been  established  to  require  fuc- 
least  changes  in  existing  bridge  foundations,  piers,  and  abutments, 
and  subsurface  explorations  indicate  that  this  excavation  will  be  er-^irelv 
in  overburden.  However,  it  is  possible  -that  fhere  will  be  a vrrv  limii--  f 
amount  cf  ch3ll''w  c-xcavation  in  soft  shale  near  ihe  bottom  of  fhe  hc:  :v  i ' 
cut  in  1 he  cufoff  channel. 

(d)  Riprap  channel  at  critical  points  to  reduce  scour. 

(e)  i''i!ve  channel  with  8 inches  of  reinforced  concrete  ard 
adequate  sutorade  a+  critical  points  to  reduce  scour. 

(fi  Construct  t new  hinhway  bridaes,  4 new  railroad  b-id:-  . 
and  3 hlghw:v  grade  'rcssinqs  over  hhe  Grand  and  ^ed  Cedar  Rivers  and 
diversion  channel. 

(g)  Peinfcrce  substructure,  piers,  and  abutments  on  7 histv-'iv 
and  5 railroad  trid'>-'i  over  the  C.rand  and  Red  Cedar  Rivers. 

(h)  Elevc:te  two  highway  bridges  on  the  Grand  ^iver  to  provid'^ 
adequate  undorc  learance. 

(i)  Remove  existing  buildings  and  structures  from  riqh  + -,  . 

(j)  Clear  brush  and  shrubbery  from  right-of-way. 

(k)  Seed  side  slopes  and  right-of-way  along  the  entire  nrorcsed 

channe I . 

(l)  Strengthen  and  extend  the  low  earth  levee  along  the  righ*^ 
bank  of  the  Red  Cedar  River  in  Lansing  Township. 

(m)  Construct  a diversion  dam  across  the  Grand  River  in  +*-•■ 
vicinity  of  *-iii|ett  with  the  top  at  elevation  860.  This  structure  would  have 
1 tainter  gate  16  feet  high  by  25  feet  wide,  reinforced  concrete  founiatlo'- 
slab,  abutments,  core  wall  and  wing  walls,  baffle  piers,  and  an  "Once"  section 
concrete  spillway,  467  feet  ir  length,  with  stilling  basin  and  steel  '.h--'t‘ 
pile  cutoff  walls,  and  an  ear1h  fill  nonoverflow  section  at  eacfi  end._  ‘ 

sill  of  the  gate  sectin-^  would  be  approx  imatc  I v at  elevation  820.0  a-’:  f‘‘' 
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ct  (_■  , t of  tho  '■.pillw.'iy  v.'culj  t'G  cipprox  imatc  ly  at  elevation  850.0.  At 
lo.v  flow  in  rhf>  rivet  the  tainter  gate  would  remain  open  permittino 

Coirplete  di '■^charge  dawn  the  existing  channel.  The  crest  of  the  Moores  ’’  r t- 

Dam,  located  about  5 miles  dewnstroam,  is  at  elevation  832.2.  As  a Grand 
River  disettarge  of  about  4,400  second-feet  is  reached  the  tainter  gate  woul  ; 
be  closed  and  water  would  pond  above  the  diversion  dam  to  the  elevation  of 
the  crest  of  the  tainter  gate,  836.0,  which  is  also  the  crest  elevation  of  D 
diversion  weir  and  flondwater  would  be  diverted  down  the  cutoff  ctianno  I . ?■-. 

0)0  flow  increases  The  gate  would  he  opened  so  as  to  maintain  the  dooI  el.v:- 

tion  at  the  top  of  the  gate.  At  the  design  discharge',  13,000  second- fe^'T  w ^ 1 

be  diverted  down  the  cutoff  channel  and  approximately  1,400  second-feet  would 
pass  through  the  tainter  gate  and  thence  down  the  existing  channel.  The 
backwater  elevation  above  the  diversion  structure  would  be  at  app roxi mate  1 v 
the  same  elevation  as  with  comparable  discharges  in  the  existing  channel  wits  u‘ 
diversion.  It  is  consioored  desirable  to  provide  a concrete  shillwav  sect i ■ 
to  protect  the  diversion  dam  aga  i nst,  overtono  i r;g  by  floods  eaua  I to  the  "3x1- 
mum  probable  flexad.  At  .a  Grand  River  cischarge  of  +his  magnitude  (about 

62.000  second-feer)  flow  down  the  cutoff  channel  would  be  about  36,000  secen j- 
feet  and  flew  through  the  open  gate  and  over  the  spi  Mway  section  would  be  atouT 

26.000  second-feet  and  the  water  elevation  at  the  dam  would  be  about  5.5  feet 
below  the  top  ot  the  non-overflow  section. 

(n)  Make  alterations  to  existing  water,  gas,  sanitary  and 
storm  sewers,  water  intakes  and  electric  and  tmleptione  lines  as  necessary 
tor  the  new  and  improved  channels. 
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These  i nprovements  Tor  flood  control  *>  I I I not  jf+ect  neviq.ition  in  the 
iroo.  The  only  use  of  tht’  river  in  this  vicinity  ter  rievioution  is  hy  Tf^w 
rowboots  ter  rocroot i ond I purposes.  Ihete  is  no  project  tor  nnyiQdtion 
i TP  roV’ 'men  * ' irid  nr-  need  or  der’iund  t u su  h i mproverien  t s ixists.  I*. -re  is 
jn  I Y J lirT'ifed  jrrount  ot  fuminq  ot  thi.  r i vt;t  biMey  ploins  jlonn  the  jtiMS 
to  be  improved  which  will  receiv>‘  -"light  benefit  from  the  proposed  plon.  The 
evistin.'j  d ■!"■<  in  the  city  of  Lensinq  will  do  retained  at  their  present 
elevjtion  '•  irip'iuru:  -oolino  waters,  so  no  chnnnes  will  bo  requirf’d  to 
i r.dj',  t r p.  I wiltT  intakes  ihove  these  dams  alonq  the  river.  t ho  project  will 
‘ ive  -lo  ett-  ' ori  h;  :1ru  .ewer  deve  I opmi-rit  s rri  ttu-  river.  itie  channel 

k V ■ i'",.'lv'e.i  will  h.ive  tii  • ette.t  'fi  ri'h  or  wildlife.  T tu-  proposed 
r-,  Thcjq  ot  operati-an  with  normal  flows  routed  throurth  the  exi  ’.lina  channtrl  and 
tl  - svpi-..ed  fhrouih  the  pro'w  ■ ed  ul.-tf  clianni'l  will  have'  no  siqniti- 

ant  "tfect  on  . an  i * it  i -iri . 

ihere  i -s  r-  Fr-'kTal  -Oi  r ea  t i ona  I dev-- Icipmt'rit  connected  with  thi--  project. 
\'o  r e ■'  r V.  ii'  pr'-pr.i'd  and  ttien'  will  t'('  no  additional  water  areas  suitable 

ror  dt'velwpm,  .n*  tor  -er  rca  t i ona  I purpvi;.es.  It  is  probahlo  that  the  city  of 
I.  are  i nq  ind  adjicerrt  .o.^mr-iun  i t i es  will  exti-nJ  ttu’ir  park  systi-ri'  to  include  m-ost 
o!  ‘he  ri  |ht-'f-wiy  and  other  scattered  at  tras  alonq  tin'  river  channel. 

iho  total  cost  Jt  the  authorized  local  Hood  pr-otec1ion  project  at 
• i:  is.;.  ; I „>,t  c^n  .luly  I '< /' I price  li.-'vel'.,  i-,  ostim.ited  at  S?9,h00,000  of  which 
j.'.' . hOO . 000  would  t)o  ((■'dot  il  and  j', 000, 000  would  t)e  non-Federal  costs. 

The  local  protection  project  at  lansinq  has  bean  plaoird  and  is  now  in  ttm 
'iriactivr'"  c.ateaory  of  corps  of  [ nq  i tn'er-j  . ivll  1'..  rk-_,  protects. 


(b)  Grdnov i I lo.  A flood  control  protection  scheme  tor 
Grondvi  I lo  h.is  been  author  i/od  I'V  t'-'f' iro'  tor  l■(^^'.truct  ion  (House  Document 
No.  B6th  Conqress,  Ibt  ,eS'.;iori,  dji.'  I'*  ■■i-p i ef : < r 1965). 

The  pLin  selected  U'luti'  in  I ud^“s  u levee  on  the  right 

bonk  of  DUi.  K Creek  from  neor  chesfn.ji  AvenL.c  t ■ the  Intr'rstate  Highway  Do, 
which  has  since  been  redes i inated  as  l-9f..  i rom  this  poinf  a low  levee  and 
i rnpermeab I e blanket  would' be  placed  >n  the  rivet  side  of  the  existing  Inter- 
state Highway  I - 1 do  ei'ibankment  from  Buck  Creek  to  i’Hth  Street.  A third  sec- 
tion of  levee  would  extent)  .ilv.'ng  the  north  side  of  28th  Street  f i om  Intcistate 
Higtiwav  1-196  to  the  vicinity  of  Sanford  Avenue  and  .‘8th  Streei  . Some  of 
fhe  more  important  teatur-es  are; 

1.  I he  design  water  surtace  elevation  of  fhe  levees  is 

608  feet. 

2.  Ihe  aver.ide  heighf  of  the  levee  embankment  is  12  feel. 

3.  Ihe  levee  fop  width  is  10  feet,  the  side  slopes  are 

I vortical  on  2-1/2  or  3 trori  ,>'on  r.:  I . 

4.  The  freeboard  allowances  range  from  2 to  4 feet. 
CIt'Sure  structures  are  necessary  as  street 

cfos'-  i ngs . 

t).  Ihe  gravity  outlet  and  pumping  stjtion  structure 
is  located  a Iona  tfuck  Creek  botwoon  the  C X ) Railway  cind  1-196. 

Ihe  total  cost  ot  the  author  i.'ed  flood  control  project  at 
..randville,  based  on  July  |9/l  price  levels,  is  estinrated  at  12.796,000  ot 
which  i.’,/00,000  would  bo  Federal  atrd  i95,000  would  be  non-Federal  costs. 

Ihe  I a.  al  tiood  protection  project  at  Grandville  aas  been 
p1  reed  and  iu  new  in  the  "inactive"  catcaorv  of  Corps  of  Lnqineers  Civil  Works 
pr  ojocts . 
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(12)  Non-Structura I Flood  Damage  Reduction  RecowmfP'j.jt ions. 

Plan  B recorrriends : 

a.  That  local  off!  ial>  i-.p  Ic^ncnt  and  ent-.''  tiec'  )fv 
regulations  in  order  ro  provide  flood  danui  je  reduv  t i n,,  durin;  'I 

b.  That  authorify  be  granted  fo  tiie  >jtate  to  i mp  I ci'.er. : 

and  enforce  necessary  regulations  if  local  officials  tail  to  do  . in 
reasonable  lencth  of  time  in  accordance  « i tn  the  ohorelan:.  tciti  n 

and  Manaqemont  (Act  245,  Put  lic  Acts  of  l‘'>70). 

That  trie  Congress  providt-  su*'i.  i-,?nt  fu'  ! ' 

■>ut  existing  flood  forecasting  programs  and  accelerate  the  f 1 c.  d .y 


flood  plain  i nformat i on  programs. 


up-  ’ff.im  ,'i  )->ershed  Mandjtjmefi  r 

( I ) Original  FVoposa  I s 

The  U.S.  De'^jrf'nent  of  Agriculture  conducted  an  inventory  f 
Ajter  'nanagener  f pr.'blens  in  the  upstream  watersheds  throughout  tht-  pjL-i'  . 
This  i nv*‘iitory  identified  over  72h,000  acres  in  the  basin  whi.,h  jr*-  Jjm.i 
hy  flooding  and/or  impaired  drainage. 

Further  engineering  and  economic  studies  identified  fourteen 
watersheds  w i tn  potential  for  development  and  improvement  through  th.- 
ivatersr.ej  ••’rotection  and  Flood  Prevention  Program  (PL-566),  as  a p-'rtion 
the  Suggested  Basin  Plan  of  Development. 

An  additional  twenty  six  watersheds  were  identified  as  having 
..'^'tenrial  for  future  development.  These  would  be  justified  primarily 
throu  ih  bringing  new  land  into  agricultural  production,  ard  may  become 
fea-.  ibie  wirh  a cjrowing  dt'mand  for  food  and  fiber  in  the  future. 

The  waternheds  suggested  for  early  development  were  Twin  Lax.^s 
Drain,  '^reeman  '■'ar  .h  Drain.  Huntoon  Lake,  Perry  Creek,  Bly  L ik  , • jt'ii 
Rapid/. , Upper  Columbia  Creek,  Portage  River.  Prairie  Creek,  Libharf  Creek, 
Jpuer  Miple  River-,  Hayworth  Creek,  Stony  Creek,  and  the  Rogue  River. 

These  watersheds  cover  a total  area  of  949,900  acres,  and  would 
provide  fl  /oo'  pr.'vention  and  improved  drainage  to  over  100,000  acres  of 
propl.o",  arc-!-  . t r- jctura  I measures  include  203  miles  of  mu  1 1 i p I e-purposo 
•channvl  improvcm.  ust , .one  s i nq  I • -Durnose  fish  and  wildlife  structure,  and 
t w riu  I i L I ..--nurpo  ,e  flou'd  proven t ion-recreat  i on  structures. 


(.  ' i-'up  I i c k:esnonse 

■'r,o  public  resDoriue  to  the  potential  watershed  developments 
has.  no'-r.  . t i rxanv  presented  at  the  public  hearings  hild  bv  ttv. 

■rand  - iy-'r  tii  in  / ji'rd  i na  t i ng  Committee  was  neither  strongly  critical  •■■■!' 
stronqiv  .upper  ti  ye  of  tfio  watershed  proposals  in  general. 

A nx^re  positive  response  dt'Vi.  loped  in  the  forri  of  official 
applicationa  to  the  Michigan  State  Soil  Conservation  Committee  for  assis- 
tance under  provisions  of  Public  Law  85-566.  To  date,  local  sponsoring 
.rgjn  i .•  it  ii.iris  have  submit  fed  watu'rshed  app  I i ca  f i umis  for  five  of  the  four- 
t.'./'i  potei'ti  il  wj-^orshod  projects  identified  in  tfie  Suggested  Bastn 
ot  .■(•veloement.  Ttiis  action  indicates  that  the  local  people  in  those 
wjttyrsheds  recogni.’e  their  water  management  problems  and  wisti  to  obtain 
Federal  assistance  for  relic'. 


A 


.V 
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( 3 ) '■'.Qf'.s  i Je' ion  of  A I tt^rrut  i 

The  USOA  »ia+ershec!  I nventnrv  has  beer,  thoroughly  reviewed  to 
determine  possihl'"  ) I ternat  i ves  to  the  uoies+eij  deve  I ■ 'pr.ont  orour  t"  * 
fourteo'  wjtervt.eu  pr  .jects.  Art<?nticr  »i  ;ivOn  to  possible  / r-arq-.v  is 
*•  . . • th,  • *.!  t ■ W •■(  .■  1-1  ,v:.  W-  It  ,3S  : • i • 

o t sp ee iliv  proje^*3. 

tirst  cons i der.jt  ion  giv.,-  to  those  wiatersheJs  with  ci.rres  + 
1.  : 1 i ' i*- ions  f ',r  P.l.  n’-bbb  assistance  tror  local  sponsoring  orpani /.j-' 1 • . 

I / n / 1 

Th.>-.e  in.,l'jde  e'cv''*'  le  Piver — , Kjywrth  r-'et— , '-'.cj!'  P,  r* '.p.  , 


p.'.nse  te  t(..-  ' eeC 


; ip  I ii  i ntiarest  )- 


irnli-  .j'l  . <-,)*h  f +he.e  A »*•••-■  n..  were'  in.  I ,di  p as  ; r* 


f he  T'-'.  i • ' T i ! *"i  ' : ^ i Vt  p I ir  , PI  -n  B. 


" o ” i no  A ) *er'.-.he-Js  ' :r  wh'  t appl 


i.i‘.!n,'e  hjV'-  r,  : ,•  • t.' 

erv  i ",ide  i 1 I • ' 


ill'  r f^v  i Ow' 


i 'ns  tor  P.  . t I 
The  Soil  . -nM'rViit  i.' 


ervi^i'  ",lde  i 1 I • *.!.  * W i 1 1 '...ve.r.il  soil  . or'- ,-irvat  ii'n  distrl  ^S  ind 
•riin  r.-ir''"  i ss  I '.'ner-.  |r  *hc~t  w i .‘ershed  .ir'^a-,  fn  c-rjer  to  asse-ss  ourrer^  pro- 
:ler..  .in!  I : I i '•  . A j >t  these  iriOuiries.  Perry  Crer-''  r 1 1 I D- 


irt-  Ore.'U 


ir  ! .•.I.;  ; jr*  -t  p|jn  H.  While  e.Ton  O^  '^he  rem.!  i r i 


■ heds  H'Pear  t ; 

I ' • 1 1 i nter-  * i : , h i ' 


’io.jlly  tea-  ihle  for  .Jove I opmer-*  . ■'■he  currer"*  l.'■^l  I , t 
:■*  ’ • ■ aIII  not  be  i no  I udod  in  fhC'  farlv  'i  " Pr.'iriri. 


Cons  i l-ara*  ' -n  . |.  ni,..-.r;  to  j 1 ‘■.crn.il  i va  struc 


nr. JSnrO'-.  ...i‘h.;ri  +h.'  p. 


rin.jt,.  attonticn  .vas  given 


n>jd  i ♦ i c at  i on  - ot  chjn'’ei  I •"[•rovc''"''n*  .Jesign  and  ccns*r  uct  ion  "••ethods  to 
fT'inir'i.e  po.'.ihle  jdver''-e  .'n  v i r 'n"icnt  .i,  | o*fect-.j.  [nainoerinp  studit-  were 
OI..O  r-jd.^  in  e.jch  A it.  r- r.  .jee-rnino  i*  ,>ny  strucJjral  aHorratives  to 
channel  i"Tr  v.-n. 'n-*  w-rc  •ea'-iJ  le. 


I Ait.-r-.hed  A rw  p!  1'  . M'.pleted  tnd  .ipproved  by  oonori'ss . 

2/  A itershed  A .r(i  plan  in  prep -)r  it  inn . 

'/  '■■•'A  '.t;j)i.  , :.,di  it.'  thit  thi  ( r ip.  '.ed  Pt'.i.ji  ' i v'er 

• ’*  . . .'r,ir.i  illv  f'.'.'  it'I'  . ih.  refer'.  , I‘  is  n.  1 in  I a. Jed  i 

' I in  P. 


t rotect  iofi  jno  FIouq  Prevention 

C j ) I ntt f iGn 

This  pr'.yfjt:.  prtwijds  <j  (.  rojo<_^- ryp*-  ipproueh  to  soil  jrio 
-'jlt.r  r csour\.(_'  oevt.  lopnen  r , ono  t.onservd  i i ri . t roper  loriO  trejlr-vn; 

i-.  trie  Jo:;i^  oleni^’ru  u*  rt::ersheo  projects,  ono  i . cons  i uereJ  us  tiie 
ir,itio)  incf-en.t‘r,T  in  project  rormUotion.  Str.otjrjl  medsuros  opera  re  i:i 
cor, junction  with  lend  tredtrTt»_int  measures  to  achieve  project  opjectiv.  -. 

ihi,.  study  hjs  identified  o watersheds  with  potenti  :|  for  d'-ve-'l- 
epment  within  the  next  10  to  15  years  (Table  v-25).  These  watersheds  may  t>e 
da.'ol.jped  ,f  sponsored  b/  qualified  units  of  government.  The  evoluJTijn 
these  watersheds  was  based  on  the  maximum  potential  devlopment.  The  scope 
a'.d  ourpose  of  These  projects  will  be  dependent  upon  the  desires  of  spons-rinq 
• ini-at  ions.  The  upstream  watersheds  are  deline.'  'ed  on  Figure 

(h)  N-  n-Structur.3 1 Improvements 

A program  pf  non-structura I improvements  is  essential  to  the 
proper  functioning  of  a watershed  project.  Land  treatment  measures  will  n - 
<u..i'  suf  fj^a  water  runoff,  erosion,  and  sedimentation  which  would  adverst'l  .■ 

IT  feet  the  cohstru. tion,  operation  and  maintenance  of  the  proposed  structural 
w.-rks  f improvement. 

Those  measures  would  be  applied  through  an  accelerated  pronram 
I :■>.  I .stance  to  wa+ershed  owners.  This  technical  assistance  would  be  pro- 
vide.; rnrouqr.  sv.  i I -anserv.at ion  districts  by  the  Soil  Conservation  Servi.e 
I'  d ihe  Micnigan  Uepa-tment  of  Natural  Resources  ii'  coop.orjtion  w|fh  the 
-orest  bervi.-e.  This  accelerated  program  would  bo  in  addition  to  conserva  t i . 
,r,:-.;r)ms  available  ji'jer  other  authorities. 

The  land  treatment  measures  would  be  installed  by  the  land  owrt  i 
the  e^.timated  costs  are  total  installaticn  costs  and  o6  not  reflect  cost-.i-.aiir, 
a i :jtance  which  mi;hl  be  available  through  other  programs.  The  cost  ot  Ti.f.ni 
oal  assistance  for  the  accelerated  land  treatment  program  in  the  c watershed*, 
proposed  for  early  action  is  shown  on  Table  V-2h. 
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TABLE  V-25  SL”MMARY  OF  UPSTREAM  WATERSHEDS  FOR  EARLY  DEVELOPMENT  (WITHIN  10-15YEARS) 


COST  OF  ACCELERATED  LAND  TREATMENT  PROGRAM  FOR  SIX  UPSTREAM 
,\REAS  WITH  POTENTIAL  FOR  DEVELOPMENT  BY  1985 


Grand  River  Batfin,  Michigan 


IVa  1 e rslied 

Wa  tershed 

Land  Treatment  Installation  Cf>st  1 

Area 

Cropland 

Past  lire 

Forest 

.M 1 ric  . T<  jI  u 1 

(Ac  rci> ) 

(Dollars) 

Upper  Maple 

195, ‘160 

1,312,800 

107,900 

17,500 

20,100  1,488,300 

Hayworth  Creek 

66,810 

266, 9b0 

31 .500 

2,600 

9,700  . 310,700 

Stony  Creek 

113,98'1 

1,373,500 

145 ,900 

36,100 

64,200  1.619.700 

Hogue  River 

24,256 

267,300 

52,300 

26,900 

13,700  360.200 

Perry  Creek 

6 , G56 

73,400 

14,000 

3,400 

3,700  94.500 

Lihliart  Creek 

10,9‘14 

124,200 

23,600 

5,400 

6,200  159.100 

Subtotal 

418,110 

3,448,100 

375,200 

91  ,900 

117,600  4,032,800 

Technical  Asbis lance 

Soil  Conservalion  Service 
Federal -S tale  Cooperative  Forestry 
Total 


675.000 

162.000 
4,869,800 


1 Price  Base  - 1967 
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(c ) structural  Improv/emerits 

Ncrnally,  not  all  watershed  needs  can  be  'net  solely  bv  I ind 
'ri'atment.  F’rob  I ems  su.  t.  as  flooding  and  impaired  drainane  usually 
structural  measures  for  adequate  relief.  In  the  watershed  program,  «.ater- 
H.  n oro ro I measures  are  pl^nr,t;cl  to  opei  jN,-  as  a system  in  coniun,  :ior, 
with  land  treatment  measures. 

Floodwater  retcirdation  is  the  crimary  consideration  in 
de  . i ir. i ng  a syste'’  ‘ watarflow  control  measures.  Channel  modification, 
floodways,  or  iiversiy'ns  are  considered  supp I < •montary  to  floodwater  retar- 
dafion  excepf  A-ere  nt.vossary  to  achio.t’’  project  objecfives  at  a reasonaMf 
ost . 

It'-,'  nafart!  of  fhe  floodi'-i  jnd  drainage  problems  Ahi.n  if'.-,  t 
existing  ji]r  i i f ura  I land  in  the  basin,  us  wt-ll  as  fhe  general  laci*  of  id^ - 
auate  fl^odwtU-r  r..tenfion  sites,  recuire  !haf  channel  work  be  utilic.'.l 
for  waterfl.A  control.  All  channel  work  will  be  installed  accordinq  fo  ^ urrt'nt 
Sc.il  Conservation  Service  criteria  and  revised  construction  techniques  dc-sirned 
to  minimi.-ed  ,.)verse  environmental  impacts.  Those  features  include:  Sodim'ent 

‘‘3sins  to  prov>‘'nf  downstro.am.  sod  i mont.at  i on  during  construction;  daily  setriini 
and  revised  velocity  criteria  to  assure  channel  stability;  minimum  clcatinq, 
selective  spoil  pla'emenf,  and  where  appropr i .at- ■ , excavation  from  one  ,i  f.- 
the  channel  to  mai.-itain  existing  veoeta’^ion  to  +he  greatest  possihl  ' .'xtent. 

I ' 3 r,  iD  I i .'.hm.T  t 'f  berms,  sei-nJing,  and  selective'  shrub  plant  ina:  wher..  ai.e' ■ >ir  i - 
,jte  f : pr..vide  wildli^.e  habitat.  Alternatives  to  Channel  work  have  been  con- 
■-ider-'d,  jnd  will  be  thoroughly  studied  in  the  detailed  planning  staqe  where 
they  would  be  enej i neer i nq I y and  economically  feasible,  and  consistent  with 
project  objectives. 

Structural  m.'aiures  in  the  6 potential  watersheds  include 
I '.‘3.^  miles  of  mu  I f i p I e-purpose  (flood  prevention  and  drain. inef  channel  w.^rk; 
,.ne  s i nq I e-purpose  flood  prevention  structure;  and  two  mu  I f i p I .'-purpose 
■.trurturc : . 

The  installation  cost  of  these  proposed  structural  mieasure-  wlfhjn 
fhe  6 potential  watersheds  is  estim.afed  to  be  S 1 8 , 0,'’d , '^00  fTible  .-t’''--'. 
tln.ler  provirions  of  fhe  W.iter.-.hed  Proteefion  and  Flood  Pr.'V.'ntion  Act 

^ qualifit^d  wpon-.o-f.,  w >u  I d I'e  e|i<iible  for  tochni-.il  as',  i stan, 
t .r  th..  f-’si  :'i , ind  c . . ’ .h  ar  i no  as'-istance  ‘'or  the  con'_,fr  u.  I in,  ‘ *h.  ■ 

t>-u.  fur  1 1 m.:,).  ures  . 
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(d)  Suni'r.:irv  of  Wjtersheds  S'j ":(.ie£tGd  for  DeveloomenT 


1 . Upper  Maple  River 

This  watershed  drains  312  square  miles  (199,680  acres). 
The  watershed  has  already  been  authorized  for  Public  Law-hC6  planning.  A 
watershed  work  plan  was  arepared  in  August  1969,  and  receritly  anproved  by 
Congress.  The  Soil  Conservation  Districts  and  County  Drain  Comm i ss i oners 
of  Clinton,  Gratiot  and  Shiawassee  Counties,  the  Maple  River  Inter-County 
Drainage  Board,  and  the  Michigan  Department  of  )Jatural  Resources  are  the 
sponsors.  There  are  flooding  and  inadequate  drainage  problems  on  26,SrG 
acres  (24,470  acres  of  mineral  soil  and  4,390  acres  of‘  organic  soil). 

Flooding  is  the  primary  problem  on  I6,b00  of  the  28,860  acres. 

Two  structure  sites  are  proposed.  One  is  sirigle- 
purpose  flood  prevention  site  located  on  Bear  Creek.  This  site,  structure 
109,  was  originally  proposed  for  multiple-purpose  use  with  a pern.anent 
recreati  : pool.  Recent  discussions  and  agreerrients  potween  tne  local 

sponsoring  organizations  and  tne  Soil  Conservation  Service  have  determined 
that  a single-purpose  f I ooJ  prevention  structure  .v  i ! I best  meet  local  needs. 

4 

Structure  110,  located  on  the  Little  ‘-'aple  River,  will 
provide  both  flood  water  retention  and  recreation.  It  will  have  a recreation 
pool  of  412  surface  acres.  The  primary  activities  would  be  swimming,  pic- 
nicking, camping,  boating,  hiking,  field  sports,  and  nature  study.  Peak  daily 
use  is  estimated  to  be  20,500  visitors.  These  developments,  located  in  the 
Lansing  Subarea,  would  fill  a need  for  wa ter-re I ated  outdoor  recreation  facili- 
' i es  in  the  area  of  greatest  demand. 

For  drainage  and  flood  control,  14.4  miles  of  channel 
work  with  levees,  and  four  pumping  stations  with  collection  ditches 
are  proposed.  A 25.9  mile  multiple-purpose  (flood  prevention  and  drainaao) 
channel  extending  from  the  upper  portion  of  the  Maple  River  to  approx imaf e I y 
one  mile  below  the  village  of  Ouplain,  and  I 3.9  miles  of  multiple-purpose 
charinels  on  the  main  stem  tributaries,  are  also  proposed.  Works  of  innrcve- 
ment  for  the  rr,a  i n stem  of  the  Maple  River  below  earn  ib  ter  would  includf 
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14.4  miles  ot  channel  irprovomenls  with  levees  to  provide  a '•looJwjy  from 
Bannister  to  U.S.  Highway  27.  Four  e I ect r i ;--dr i ven  pumping  s^a+iors  with 
collection  Jitches  would  po  located  in  the  -iri.-o  to  pump  water  fro'ti  ad;  j.-'-t 
a'‘*'as  into  the  f I oodw  iv . Watershchj  JeviH-  p-iT  t .v.uld  pr:)vid>’  Mood 
reduction,  drolna.p',  and  recrooticn  be'vMif-. 

Hayworth  Creek 

This  tributary  to  the  ‘•'apH'  Fa  ver  trains  I04.4  sauare 
miles  (t't  ,■  |a  acres)  cf  Plinton  '^ourity.  ira\j  lies  in  ttie  Clinton 

County  3poi  t 'enserv  ; i i . 'p  Histrict,  and  ha,  Mi-ccting  and  inadetua^-'  d'  C--;- 
on  4,^M2  .acre  (.',dT.  .a.'.res  of  minc'ral  soil  ,nd  1,^70  acr->s  .M  or;;ni,‘  . iM 
Ihe  w,it<>rshet  i . curr-  "’lv  authori/ed  ‘■''r  -’.j; j;.  ( p|,.nr.in;.  r-j.-.  • 

sponsors  are  ts>-  ClirTon  County  Coil  Cons-ar.'a t i on  Cdstrio*,  Clinton  Cdu''.ty 
Drain  Comri  as  i'Prier  ind  tFio  '•'icnigan  Dopirtmen;  .-f  Natural  Resources. 

Recent  investigations  !• -.ve  led  to  tt.e  proras“>l  e'  a 
mj  1 1 i p I e-purpose  (flood  preven  t i cn  - f i sh  and  wilJlI’c)  structure  on  m. .■■.worth 
Creek.  This  will  prs'vidt'  -152  acres  cf  eemanenf  water  surface  for  f i ..h  and 
wildlife  hahitir  developrient . Fishing,  hunting,  and  related  activities 
will  be  a V 1 i I ab I e . 

Other  works  of  improvement  needed  for  the  watersf-ej 
consist  of  approv  i m.ate  I V IN  miles  of  c'u  1 1 i p 1 c-purpv“se  channel  improve.ment . 
Waterstied  dovelrrmp-it  would  provide  flood  damage  reduction,  d'^ainaae,  and 
fisfi  and  wildlife  benefits. 

Stony  Creek 

Thio  watershed  drains  1 78.  I square  miles  (ll3,Ntfd  icre 
cf  Clinton  and  Ionia  Counti’^s.  The  area  is  primariiv  in  the  Clinton  County 
Soil  Conservation  District.  The  soil  conservation  districts  and  drain 
commissioner's  uf  Clinton  and  Ionia  Counties  have  submitted  .m  application 
for  assistance  under  Put' lie  I 5ot  . 

There  are  floc'lina  .^nd  inadequate  dr.i inage  prop  I e'"-:,  on 
8,24h  acres  (7,221  .icres  c*  mineral  soil  and  1,024  acres  of  oroanlc  soil). 
Flooding  is  the  primary  problem  on  2,227  acres.  The  works  of  improvement 
needed  for  the  water'.n.'d  are  4,’  miles  •' * mu  1 1 i p I o-;  jrpe  .■■'  uh.innel  imrrv'- 
men  t . In  the  Jot. ailed  plannin.;  't.aq",  ccns  I .Jera  f i on  will  be  given  t. 
possible  struM'lte  site'-  which  f>ave  t">>'n  suqqe'-t.nl  tiy  I-.'.  ,il  i r,  t er'-".  t s . 
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Rogue  River 

Ihif,  «t3tfcrsheo  druins  37.9  square  miles  (24,756  acres) 
ct  No.vayqo  and  Kent  Counties,  and  has  inadequate  drainage  and  flooding  on 
5,100  acres  of  fertile  organic  soil.  Works  of  imorovement  are  needed 
primarily  in  the  NevvadO  Soil  Conservation  District.  Tne  tJe-vaygo  Countv 
Soil  Consorvat  i on  District,  Northwest  Kent  Soil  Consorv  at  i on  Disfric*', 

Newaygo  County  Drain  Commissioner,  and  Kent  County  Drain  Commissioner  ha/e 
subrriitted  an  application  for  assistance  under  Public  Law  566. 

Duo  to  the  flat  topography  of  the  watershed,  ■‘hero 
is  no  possibility  of  using  structures  for  floodwater  r’etardat  i on . High- 
valued vegetable  crops  such  as  onions,  red. beets , and  carrots  are  grown. 

Channel  improvement  was  originally  proposed  tor  10.6  rnles  on  the  Rogue 
River  and  tributaries.  II  is  now  proposed  that  channel  improvement  be  confitu-d 
to  approx  ima  te  I y 11.8  miles  primarily  in  the  benefit  area,  and  that  a d i ki.  and 
pumping  station  be  installed  on  the  Rogue  River  immediately  upstream  frmrn 
Drain.  This  would  eliminate  approximately  2.5  miles  of  channel  improvement  .-n 
the  Roque  River  and  prevent  possible  auverse  effects  within  the  Rogue  River 
State  Game  Area. 

5 . Perry  Creek 

This  watershed  has  a drainage  area  of  10.4  square  miles 
(6,656  acres)  in  Ingham  Countv.  The  area  lies  in  the  Ingham  Soil  Conser- 
vation District.  An  application  for  assistance  under  Public  Law 
not  yet  been  received.  It  has  flooding  and  inadequate  drainage  on  3,251 
acres  (1,536  acres  of  mineral  soil  and  1,715  acres  of  organic  soil).  The 
flat  topography  of  the  watershed  precludes  the  use  of  flood  wat.T  re; urjinq 
structures  for  flood  prevention.  The  watershed  rieeds  5.3  miles  of  channel 
improvemenf.  Watershed  development  would  provide  both  flood  damage  reduction 
and  drainage  benefits. 

L i bhart  Creek 

This  watershed  is  at  the  upper  end  of  Li bhart  Creek, 
a tributary  to  the  Grand  River.  The  watershed  drains  17.1  square  miles 
( 10,944. acres)  in  the  Ionia  County  Soil  Conservation  District.  Atr  appli- 
cation for  assistance  under  Public  Law  566  has  not  yet  been  roceivt-d. 

Flooding  and  inadequate  drainage  occur  on  1,676  acres  (1,039  acres  of 


Tiineral  soil  and  637  acres  of  organic  soil).  The  flat  topography  of  the 
watershed  eM'^inatos  the  possibility  of  structures  for  floodwater  retardation; 
channel  improvement  is  needed  on  8.4  miles  of  channel.  Watershed  develop- 
ment rtou I d provide  both  flood  damage  redu.  fion  and  drainage  benefits. 

(e)  Post  1985  Watershed  Development 

Investigations  identified  35  watersheds  with  potential  for 
future  development  (Table  V-27).  Purther  studies  are  dependent  upon 
expression  of  local  interest.  Six  of  these  watersheds  are  economically  feasible 
feasible  under  current  criteria.  The  remaining  would  be  justified  primarllv 
through  bringing  new  land  into  agricultural  production,  and  may  become 
feasible  with  a growing  demand  for  food  and  fiber  in  the  future. 


Summary  of  Upstream  Watershed  Areas  With 
TABLE  V-27  Potential  For  Future  Development 

Grand  River  Basin,  Michigan 


Watershed  Marne 


Watershed  Ary.iS 
(Sq.  . ) 


Twin  Lakes  Drain  1/  5.4 
Freeman  ’-'arsh  Drain  1/  8.0 
Huntoon  Lake  1/  11.6 
B I V Lake  J_/  11.7 
Eaton  Rapids  \J  15.6 
Upper  Columbia  Creek  1/  18.3 
Prairie  Creek  1/  46.0 
Snvdor  7.  Wheeler  Drain  9.2 
Ri VOS  Junct ion  8.0 
State  4.0 
Berry  Lake  2.7 
Pleasant  Lake  5.3 
Whitney  Dr  jin  3.-8 
Les lie  7.5 
Darling  Christie  Drain  4.5 
Lanes  Lake  4.7 
Willow  Creek  0 16.6 
Sandstone  Creek  31.6 
Tompkins  6.8 
Soring  Brook  55.3 
Bateese  Creek  18.0 
Upper  Cedar  River  20.1 
Winegar  5.7 
Middle  Cedar  River  28.7 
Randal  5.4 
Grant  4.8 
B row  n 4.8 
Mud  Creek  28.  3 
Lookingglass  River  187.0 
Pew  amo  7 . 5 
Pennv  Creek  18.9 
Hemingway  Lake  2.2 
Black  Creek  (Montcalm  Kent)  ' 45.6 
Buck  Creek  51.2 
Plaster  Creek  60.4 


TOTAL 


741.2 


I 


\J  Recommended  as  part  of  Early  Action  Program  in 
Plan  A. 
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h.  Land  1 reatmont  and  Other  Non-stn;  •tj'"al  f'ronra"is 


( 1 ) Oriciinal  Proposals 

A comprehensive,  accelerated  land  iroatmeni  proqrar-  and  soil 
survev  proqram  was  sucqested  to  reduce  run.  ft,  erosion,  and  setirc  I i 

and  to  provide  for  improved  land  manaqom-^'-.  t . Tne  nungestod  rr.'^cram  e, 
based  on  the  “-'ichigan  Inventory  of  Soil  ir  ] Water  Conservation  tJee  Is  (; 
and  included  three  rnajor  asoects. 

first  was  a land  treat^'en-^  proc;r  w i'riin  tno  fourtt:-en  n- ' 
watershed  projects.  1''is  would  provide  ad*  :;ujie  +r'oatnent  to  a t.nt  :l 
of  148,600  acres  at  .n  es*-imared  cost  of  ;7,7‘.',SOO,  in.^ludinn 
for  i nsf  il  I afi  on  and  j '71, 700  for  technical  ^ ■ i .t'o . 

The  second  ph  use  would  be  appl'-*-.  .■.i+nin  tt.e  JrainiOi.;  rr-  ■ 
proposed  mu  1 1 i n I e-purpose  reservoirs.  This  progra"  .voui  ' p'-'vide  rC"  . 
treatment  for  332,600  acres  at  an  estimated  cost  of  118,672,000. 

The  third  portion  would  be  a proqr  im  of  environmental  enn_j'  c 
mt^nt  in  urban  and  builf-up  areas  throunh  soil,  fon'S*,  ind  water  co’- ;er 
vation.  This  31,400,000  prograrr  would  provi  do  techni  il  assis'rn'e  in 
formal  at inq  and  implementing  effective  land  use  plans. 

The  fourth  proposal  was  an  accelerated  soil  survev  p'-’-v  m . 
would  provide  complete  up-to-date  soils  information  to  help  aai  !e  I ; 
decisions  throughout  the  [-asin.  This  3751,000  program,  wou  I 1 rover  cvo’ 

I . I million  acres . 

(2)  Pub  I i c Response 

Public  response  to  the  land  treatment  program  tias  been  f r.'o,' 
The  concept  of  reducing  runoff  ana  erosion  at  its  source  a-d  provi. :i'  : 
environmental  ennancement  throunh  appropriaf.p  land  treatment  measar-'.  i 
accepted  throughout  the  tiasin. 

( 3)  Cons  I do  rati  ori  of  Altomitiveu 

That  portion  of  tno  acc*iloratod  land  trea'-monf  proarim  wh  i 
suggested  for  application  within  the  fourteen  p.jtenfi.il  water'^ned' 
thoroughly  reviewed.  Since  the  urape  of  the  wafershi  I pronram  ha* 
reduced,  cons  i derat  i on  was  given  fo  reducing  this  phase  c*  the  I .in  1 ‘ r, 
ment.  program.  A review  was  ilso  conducted  ot  the  sunaosted  I an  1 t ' 
proqrim  within  the  drainage  area  of  the  ori-;i-'’llv  ;'rorosod  multi-|.'- 
purpose  reservoir  .. 


Thf  ^-lichigin  I'NI  iruJicjtos  Ihat  L'y  I9d5,  jdJition.jl  Ijnd  r •.  i' 
ri.'nt  mojsurc";  '.sill  be  n./ej-Hi  on  1,471,300  acres  of  crop,  pas+uro,  f -it-  •, 

.K',!  ottu:r  land  witliin  rbe  Basin.  Current  Soil  ConSs/rvat  i on  Service  pr-J'  • 

.1'!,]  T'le  cooperative  fedira  1 -State  forestry  programs.  If  continued  at 
pro-.ent  U'vels,  would  provide  adequate  treatment  tor  i total  of  lfl'5,003 
acre'-  fy  198'i,  or  just  I.?  percent  or  the  total  I^^So  needs. 

It  the  accelerated  land  treatment  program  i;  c-impletod  in  rno 
six  p.'tential  water''heds,  an  additional  88,000  acres  will  be  adequatelv 
r.'Oited  by  I‘i8‘’.  ' ■aetaue  with  current  programs  tri-j  would  provide  tor  a 

total  o‘  508,000  acres,  or  only  31  percent  of  the  total  |08b  need-.  I; 
is  clear  that  a mere  conprehens i ve  land  treatment  program  is  needed. 

(4)  L.and  Trea tm,'nt 

Land  treatment  measures  tor  waterrtie'U  protection  will  be  need-.-.!  r 

1.471.000  acres  of  crop,  pasture,  forest,  and  mi  see  I I aneous  land  within 
the  y,!  in  by  l'>8b.  In  crier  to  help  meet  these  needs,  it  Is  recoV,menced 
that  *ho  current  Soil  .'enservat  ion  Service  and  soil  censervatien  distrl." 
pr'oqrjms  and  ?he  cc»operjtive  Fodera  I -State  forestry  programs  be  conTiiue.i  .c 
ttu'  present  I -^vc  I s or  accomp  I I shrrent . fheso  programs  will  provice  adecuit-- 
treatm.‘nt  for  145,000  a.'res  of  cropland,  I ‘-,000  acres  of  pasture  I aru: , 

30.000  acres,  of  forest  land,  and  3,000  acres  ot  miscel  lancous  land.  I h I ■ 
represents  a total  of  183,000  acres,  or  12  percent  of  the  total  1485  n..'eJs. 

In  order  to  more  fully  meet  total  |435  needs,  a 10-year  accel- 
"rated  land  treatment  proaram  is  recommended.  This  program  will  apply  'he 
necessary  treatment  on  an  estimated  444,200  acres,  or  33  percent  ef  the 
total  Itj'jin  needs.  The  cost  of  this  program  is  cati'-iated  to  be  i.'4 , o-! , ’’Or . 
hi.,'  ;'..rtiO'i  ot  This  accelerated  program  will  be  ImDlememec  within  th.- 
propO'Sed  up  t ream  wate^sneJ  treas.  Ihis  program  will  provide  adecuat-e 
•-eatmer't  of  88,000  acre',  at  an  estimated  cost  ot  $4,869,300.  It  will 
riccomplish  /'4  percent  ot  the  remaining  1985  need's  within  thost-'  w a t.- : _,:i.  ■ ’.a . 

The  other  phase  ot  the  accelerated  land  treatment  program  will 
be  applied  throughout  the  Basin  as  a whole.  This  program,  tope  implemonte.; 
through  ^"oi  I Conservation  Service  and  soil  conservation  district  proqt-m-., 
and  poopera+ 1 ve  Federa I -State  forestry  programs,  will  provide  adoqu  ite 
treiitment  tor  556,200  acres  at  an  estimated  cost  of  $ I 't , 7?  ^ , 200  . 
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treatrort  ’’oasuros  to  te  arricc;  ^lut 


■*i  ■■  f t 


'll  i r I ;j  ( I ) 


■ f'  •, 


I i j.  h 1,.  rerrj.e-.  a itor*  ivs  , jrid  t i d I .liver'  iv'HS:  (.’)  rrc.isures  t<  r r- 

j :>oi  I fror  erosion  anj  increase  intilfration  rates  such  as  strip  cropping,  c.r- 

I ‘Ourinj,  cover  stripping,  ninimum  tillage,  reveqetation , and  crop  residue  fran- 

j aaenient;  (.5)  farm  drainage  systems;  (4)  farm  ponds;  (5)  gully  control  m,'asures; 

an.j  (6)  improved  forest  land  management. 

(5)  En  V i ron'’'on  ta  I Fnhancof'^-’.it  |n  ij-pan  =ir,c  r,  ^ ; | * _i  ip  .-o  . 

i Thrcuch  Soil  , Teref , an  1 ‘A'jf-jr  Ccnser'/a  • i on 

. 

[ A technical  assistance  program  *or  urpan  area‘=  is  recom'”.cnj-- ; 

[ 

I in  order  to  protect  soil  and  water  resources,  and  to  provid-^  an  .-pror- 

tunirv  for  man  to  live  in  harmony  with  hi'  nafaral  environment.  T' 
goal  . Pc  achieved  through  proper  land  _se  planning  jesianed  tc  -cd... 
soil  t?rosi.nn,  n.--|p  m.ji-'tain  water  cj^liry,  reduce  * I 'ood  'lama.ne  , 
veo.etativo  cover,  and  enhance  natural  hea-utv.  This  program  will  provi 
asvi  tance  to  pl.inni-  g hoards,  community  leader''',  ano  developers  in  tcr- 
mula.tipg  i-'d  i p'p  I em.ent  i n g •‘•ffective  land  use  plan'. 

Proper  i nterpret a“ i on  o^  soil  surveys  will  te  provided  *o  i-- 
dic.ate  fh.'  Pest  deve  I opm.enf  sites,  and  to  nelp  avoid  problems  or  p.^or 
drainage,  unstable  soils,  and  severe  erosion  hazards.  Recommendaf i ons 
for  good  I and  use  will  include  methods  of  controlling  excessive  ercsion 
which  occur  despite  the  most  conscientious  application  o^  protective  mcj-.- 
ures,  the  goal  will  he  to  prevent  controllable  erosion  and  keep  sodimei-t 
production  to  a minimum.  This  will  not  only  protect  the  development  site 
itselt,  but  also  prevent  sedimentation  and  degradation  of  surface  wafer-. 

Since  much  of  the  most  favorable  land  is  already  developed,  the  use  of  soil 
surveys  and  soil  conservation  practices  will  become  even  more  important  in 
the  future. 

Pres su res  for  f I oodp lain  use  will  increase  with  ex pandin. g pop u - 
lation  and  continued  economic  growth.  Future  flood  damages  will  be  mini- 
mized only  bv  plans  and  policies  which  recognize  existing  and  potential 
flood  ha.'ards.  Technical  assistance  will  be  provided  to  identify  flood- 
plain  areas,  and  to  aid  in  the  devel  opmen  t of  pr'jJenf  fi  ood  plain  man  a^^e^’^en  t 
pronram's . 
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Vegetative  cover,  Including  trees,  schrubs,  and  grasses,  should  oe 
established,  retained,  or  Improved  in  the  metropolitan  areas  to  provide  natural 
beauty,  reifeiti  m opportunities,  and  enviromental  enhanuement.  This  progra’^ 
.sill  * jr'.i  ' t-‘  ’nl  'al  assistance  for  the  development  and  maintenance  of  forest, 
nature  ar-ja  , > ooen  spaces,  buffer  cones,  and  greenbelt  arear.. 

^s  ^ I stance  .^ill  Include  the  identiMcation  and  I ocat  ion  of  su  i ~ 
dbIsO  sireas  t‘-  to  rerainesl  for;  (I)  Communitv  and  school  fores'*  - ’o  c'  - 
vide  ar-aa'i  : • i-'stnet  i cs , recreation,  and  outdoor  classes  involvin.) 
nature  s'udv  c ; nr- e-vat  ion  education;  (2)  Veoctated  buffer  c n<-.  n 
scr-’np  i -I  •;  .-tri,  - isolate  housing  or  indu. trial  dove  I opmerits  a-; 

'.i’l-wiv  b'-'au-  *;  jti'-,n;  (3)  Infiltration  zones  t sediment  traps  al-Tg 

A.avs  3'-.:  r a:,  - t retard  surface  runoff,  erosion,  and  sedimentation;  and  (•*) 

- t !-•».  ■'  ; ^•v  preserves  - to  provide  areas  for  recroat  i an , a i I ,j  I i f e 

nibit:'-,  snd  i-.- : thet  i cs . *,dvice  will  be  available  to  improve  tree  s'*'ands  and 
T'lant  Ji  . ‘Garment  to  enh  ince  recreation  opportunities,  wildlife  habitat,  nature 
'.tjdies,  and  sy'van  aesthetics.  Technical  services  will  be  provided  for  the 
, . tr- 1 inst  tn,  plant  diseases,  nor-structura ! '^ires,  animal  damrjoe,  and 
pollutants  in  'r-esTs,  parks  ard  greenbelt  areas. 

The  progrer  should  he  a local  - State  - Federal  cocperative  pro- 
gram Involvin';  the  t:.  . Department  of  Agriculture,  the  State  of  'Michigan, 

Soil  Censorvaticn  Dijtricts,  and  other  local  units  of  governmon;. 

It  is  recommended  that  a 10-year,  SB00,000  urban  soil  and  water 
conservation  proar-a-  be  initiated  to  meet  problems  of  poor  land  us*’  and 
erosion  in  urban  areas  throuahout  the  Basin.  This  program  will  b"  im,- 
plemented  through  the  Soil  Conservation  Districts  in  cooperation  « I ‘■h  *he 
Soil  Con:ervvhi  ’n  -ervice. 

It  Is  recom’-ended  that  ) lO-vear,  $600,000  urban  and  .-nmmunitv 
forestry  assi-tanco  program  be  initiated  in  the  Or, and  Riv«r  Basin  with 
r-moh'i'^is  pKiced  on  the  Crand  'I’apids  and  l.ansinq  areas.  Thn  Forent  11..,^,^;,-^, 
will  be  .assiancd  leadership  in  the  forestry  program  in  cooperation  with 
the  Michigm  "■■partment  of  Natural  Resources. 
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(6)  Accelerated  Soil  Surve/ 

Soil  surveys  have  been  used  to  guide  land  use  and  management 
decisions  on  farms  and  in  forests  for  many  years.  These  same  princii,  le.. 
of  managing  soil  and  water  can  be  applied  to  urbari  development  problem-. 
The  soil  survey  describes  soil  limitations  for  building  sites,  onsite 
sewage  disposal,  road  construct  ion , recreation  development,  and  other  u'-.i-- 
|t  rnav  also  be  used  to  locate  potential  sediment  source  areas,  and  as  a 
tool  for  flood  plain  delineation. 

Completed  and  currenfly  programm-.t  soil  urveys  cover  oU^v.n 
of  the  twenty  counties  witn  acreage  w i tn  i n tne  v,at.ir,.  The  Soil  Conse' - 
vafion  Ser'vice  is  conducting  soil  surveys  ’or  _ -nr  • r /at  I on  plarming  i' 
the  remaining  nine  countier.  This  level  of  survey  activitv  will  nor 
be  sufficient  to  provide  for  all  of  the  needs  of  the  expanaing  urban 
areas . 

An  accelerated  proaram  is  recommended  which  will  complete  fte 
soil  survey  throughout  the  Basin  by  I9SS.  A total  urea  of  1,172,600 
acres  will  be  surveyed  through  the  'Jational  Cooperative  boil  Survey  ut 
an  estimated  tot.rl  cost  of  J75l,COO.  .^orlv  empha-jis  ■•.ticuld  l)0  given  +o 
■ ■ • b'.iiud  i no  fn.  orund  Rapids  and  Ja^ivion  aro5  . 

(7)  'Water  ,ualitv  Monitoring  of  Agricultural  P Ilutants  In 
Upstream  r^reas. 

Env  i ronmcnT  j I pollution  is  r :c  air’ i .re  i us  a problem,  i ” 
the  Granu  River  Basin.  Progranis  for  improving  .jo’.  i ronment  jl  qualitv 
must  aim  at  preventing  further  dererir'rat  ion  and  at  rcst.ating  tfie 
quality  to  a soc  i :;-eccnomi  aal  Iv  nu;- ■ ■■■' r »b  I e level,  '\ccurute  i nfor’ . ii  i-  i. 
on  The  sources  of  envi  n.:.nr't.'n;  ji  po  I I ut  i ,.ri  i a pre  reeju  i s i te  to  pi  jnnir  : 
effective  improvement  programs.  At  the  pri'Sont  tim^;,  sufficient  data 
regardif'g  pollutants  in  upsf rea""  w iaershod;,  are  lacking. 

A cornpresive  15-year  program  for  wafer  quality  monitoriniT 
rf  agricultural  pollutants  in  upstream  w.atersheds  is  recommended.  This  co 
operative  program  would  monitor  sediment,  bacteria,  nitrates,  phosphaf>'S. 
chlorides,  and  other  pollutants  dischargee  js  ! r-sult  of  aericul tural  ;r.- 
duction  processes  for  the  1 5-year  period.  In  additk-n,  ■ mp'"eh»‘n'j  i vo  .ur- 
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r 


vevs  of  soil  and  land  usp  conditions,  fprtllirpr  and  ppsticido  application, 
and  livestock  population  »<ould  be  conducted  in  »atersf'ed  tr.-as  upstr.  i'' 
^ non  the  rn  r,  i tor  i nq  i rit s . Th  i s « i I I r r \ i n ‘ a * i ■ n I 'nd  " e i 

conditions  aa  t^ey  atfe't  quanties  of  /iriii,-.  p M^tanta  ‘arrii'1  i'  .rt  > 


Thia  prooran  could  be  implemented  by  the  ''oil  onserv  it  i on  ',<nvi.<  a' d 
c^nor  USD*  aqer.ies  in  cooperafion  wit*-  »he  ’'i^inan  Ao'cr  f?esouri  . • ".n : a- 

sion  at  a t:Ta!  ■ IS*  'f  S630.000.  ('lii*  .•  coijid  :•  jhar^»d  tv  t>  *•  • -i 


lOvern'Tnt  ;■  ; , ■■  >r -f  t^der  1 1 interest'". 

( h ) '’-)sT  I9"~’  Lind  Tre.)*".  • * i'  ■ • *'  '•  r 

Cnn*iruation  of  t-^.  • jn-j  ‘ 

is  recommon ded . r*ircj';n  this  procnj"",  i . •''•  '1*0'  *•  • r 

the  land  trout""-:"*  need.  «Ould  b-d  Sjtis*U-d  : . . . f-ne  pc'r'i^n  ■* 

program  would  be  applied  «>thin  the  w!*cr5hodi  i "’av  be-  develcr- 
The  other  portion  wcul*  be  appl'ed  i *' -•  '■<  " .i' "■  ;--r  of  **'r  :-asin. 


Continuation  ct  th. 


. S i St  ■"  re  ; ' :r  n" 


urban  areas  is  recommended,  i^esults  o*  jccr-mpi"  .-"'■->nts  djrirq  *n.-  • ,:r  Iv 
Action  Program  w'ulj  to  reviewed  In  order  *■  prcpi-e  u dotal  l-?t  pr"'qram 
and  budget  estima*-.>s. 

Poviow  and  evaluation  .,<  ‘h--’  au' i ....  I tu  r 1 1 • r!r-i 

program  is  nec;omm-dnded  i+  the  close  ot  tr.e  initj  j|  |'^-ve.:r  peri,-*.  * .* - 
collected  and  analyses  completed  to  that  date  would  be  r-avl-wed  * ■■>  ii*--'rmine 
future  program  activitir>s  and  turding  levels. 


I 


E I ectri c Power 


The  Grend  River  Basin  is  currently  an  importer  of  electric  ener 
-ino  it  is  expectea  to  continue  to  be  during  the  period  covered  by  this  t eporr 
onsumers  Electric  Power  Company,  the  principal  supplier  in  the  Basin,  ha  no 
plar.s  to  build  future  power  plants  in  the  Basin.  Power  is  imported  trcifi.  . 

- jripbe  I I plant  on  Lake  Michigan  and  will  be  imported  from  other  plants  lov-art,- 
on  Lake  Michigan.  The  only  expansion  planned  within  the  Basin  is  the  tfiirj 
steam-electric  power  plant  of  the  Lansing  Board  of  Water  and  Light,  locate.-  ! 
eira  Township,  c aton  County.  this  plant  is  plannee  with  an  ultimaTe  i apai i 
at  I bOd  Miv.  file  t i rst  unit  of  160  MW  is  schedulec  tor  armerci  a I ' eper  .o  i .■ 
in  1972.  The  plant  will  have  cooling  towers  and  a wafer  supply  pond  as 
-lesuribed  in  Plan  A. 

Undeveloped  hydroelectric  power  potential  a,  shown  in  Plan  A i-, 
estimated  to  be  about  18,700  kW  and  with  an  estimated  average  annual  energy 
■■f  about  78.4  million  kwh.  The  economic  feasibility  of  this  potential  has  i 
seen  estab I i shed . 

As  indicated  above,  additional  electric  power  demands  in  the  at  ;i  : 
River  basin  can  be  met  by  drawing  from  sources  locafeo  outside  of  the  basin. 
Aa  a consequence.  Plan  B includes  no  provisions  for  increasing  the  overall 
vaDdcity  of  electric  power  plants  in  the  Grand  River  basin  to  meet  future 
needs  . 
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j.  Ntav  i gjr  i on . 'he  existing  and  tutar'.-  jt  i I i x!ji' ion  of  the  Grand  River 
in  the  interest  of  r-i  • .reat  i ona  I and  comni'.T  ^ il  navi  jation  is  being  investigated. 

Studies  include  an  analysis  of  exist  in j navi  ;ition  projects  and  thei^  relation- 
sh  i p to  proS'  IS]  prospective  corrit  r r t'  itti  and  irv--*s1i  . i1  i ns 

to  determine  *'he  desirability  of  inoaifyirij  t;.<  i st  i ng  pr<ajects  or  pravi.'i'  ; jJJi- 
tional  I T.provi'nerits  for  both  corTT'erc  i a I ind  rr.  reational  navigation.  If  is 
concluded,  based  on  +he  limited  in  format  if>n  available,  ■*hat  further  i r^pr^  verient 
of  Grand  H wen  Harbor  and  the  lower  reach  of  the  Grand  River  to  the  Bass  River 

for  comrri,>rcial  navi  nation  and  irnprovernont  >f  “''e  Grand  River  up  to  i.rand  ^apids  i 

for  recreat;  • .|  ouvigiflon  (sea  "iaur.'  appear  to  have  sore  ecr'-n^ic  jus-  i 

t • * I ~a  f i •'  ir  j tu-  A ' ■"■‘■ny  f f ur^t-or  It  * ! I ' ■ ! -f  ; 1%  . * 

Detailed  ;tudv  o‘  +hi'‘  cemmer.  1 .1 1 i mp  rcvemtsnt  is  preseritly  jnt.rwav  in  j 

accordinre  * i tn  a stidy  auth.ri.’od  by  a tiouse  Pub  I i • ,\-..rl<.s  Conra  t + f>e  Re>jol  uf  ion  t 

adopted  I “jt.n  l-»hO.  signifisant  teature  , • a preliminary  plan  of  improvement  j 

are  described  in  Appendix  I , Naviga+iot',  ot  tht'  Grand  River  tias  i n .t^dv  Report,  j 

and  in  sesti'an  IV,  pages  I v - 1 h thru  Iv-.'h,  t.orein.  tstimated  savings  in  frei  ;ht 
cost  fe  ;■>  .1  ; t-Hip.M)  i‘  the  i r„  t ■ included  in  ■'h.-'  pr.>|  i"  i ■ irv 

■jIv  pl.in  !•  :.a  i gi  g given  i'  1 ib  le-s  IV-u'a  and  ( V-n  herein.  ihe  f>tal  . 

cost  of  pro\i  'ir.g  t:i>.,e  i mp ro vari 'n t"-  his  n.;t  b»'eri  established.  ^ 

Ap, • t jOy  auth'Si  i .'t'd  bv  a Hijusv’  PaD'i.'  Aorks  .enr,itf<H‘  s.’  ..dutiop 
adopt"]  ) Apo  i I 1 's7  All  I .-jver  the  re-,  re  id  i^.n  1 1 1 -i1in;  ;..pe'  t ot  nivigati  '■ 
on  the  Grind  River.  ^ prelinin.iry  '-tudy  plan  of  improvement  is  ) I .<  ■ rihed 
in  Se-ction  IV  herein  and  in  Appendix  I.  Ihe  tot  il  firs*  cost  ,if  pr>vidi"g  the 
i mp  i",' 'Vements  i ne  I u )"d  ir,  ttn-  pr- ■ I 1 mi  reiry  study  pi  in  is  estimated  to  L-'  i.  ,'?0,OG0, 
b.JSe.l  'n  vuly  I ■ip"  pri:e  levels.  Ih"  ,ivi.'''.i,]e  irins.il  mr>i  nf-’n.in,  e s-st  i-  p'.li'-.ated 
at  about  ieO.OOO,  hised  on  prt>vious  expei  i e-s.e  gaiuisj  is  onni',  t i ■•n  aI'*  *s.. 
existing  tederal  pr'.je  t on  the  p.rand  .•'.iver  Pe^Ae-Ti  (-ra-- ] H.iven  tnd  B.is'  -■iiv.e'-. 

The  f'hal  annual  i;hir]es^  inrluding  f "f  mtinfenan.  e,  w'ul  d -m. air  t »o  ipp’  . xi- 
mif..'l,  jl'rO.OOo.  Pre  I i mi  n.iry  i nve  ,■  1 i ga  t I on  . indicat"  tta*  ,u,  h ^ pr.  Je,  t ,in  fht> 

■ rand  River  tor  recre.iti  n,il  -laviji'i  in  w-u  I d It  i-  ont-mi  ..1 1 1 y fe),i:,li-. 

Ihese  two  aut-hori.’od  stu'lit'_.  ire  t>»pt,-i;teg  t.  pi  vi  1e  si.ftirienf  1 it  i 
for  defermininig  the  econor- i . teisil'ilily  t f.irtt-er  Improvlrit]  *►-(  ir,  1 River 
for  both  ,:arim*-rcial  and  recre  jt  | ,-na | navi;  ition. 
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I 

The  tollowinq  jses  of  the  Grand  River  appear  compatible  with  otnc-r 
designated  and  planned  uses.  Thus,  providing  appropri ate  studies  arc  cooroinatf 
to  determine  economic  J ust i t i cat i on , the  extent  ot  federal  interest  and  tru 
apb  I i cab  i I i ty  ot  cos  r- -.nar  I n , and  other  factors.  Plan  h with  respect  to 
-'ommercial  and  recreational  navigation  ir-jorses  provisions  tor: 

(I)  Improving  Grand  Haven  Harbor  in  the  interest  of  comrua  c i a I 
navigation  by  deepening  the  existing  channel  to  provide  a controlling  depth  of 
25  teet  and  enlarging  the  turning  basin. 

(?)  Improving  the  Grand  River  channel  trc'm  Grand  ftaven  to  the 
Gass  River  in  the  interest  't  commercial  navigation  by  widening  the  existin', 


project  channel  to  12b  teet  in  the  straight  reaches  and  I bO  feet  at  the  berid-. 
jnd  possibly  increasing  the  project  depth. 

(*i)  Inpr.  viri;  > tu?  d-rand  Rivt'C  it.  t',.  interest  ot  recrea  t i I 
navigation  from  the  I'.jss  tTiver  to  Grand  Rapids,  a distance  ot  about  S'-  tiales. 
:v  providing  a channel  5 tr'et  deep  and  100  teet  « i de . 
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M ! C H ! G A N 


EXISTING  AND  DESIRED  IMPROVEMENTS 


SFCTION  VI 


SUMMARY  OF  PLA'J  B RECOMNIH^DAT  I ONS 

I . Water  Qu.jlity  in  the  Grand  River  Basin 

' I I ov.  i rr  ® I B ''•■'omr'-  -rdat  Jr’  * r /.  iter  aua  I i ty  enhar  ' ■ 

>rjril  R i .'nr  b r,  i ' . 

Plan  b r-j  ■nr' : 

3,  That  t’'-  Icjt.  ' .-.ngoinq  Inter!":  W;‘--r-  “jility  ‘‘.•'"aq.-'rn.;',"  + • I n , 
ir  ■•'feet  thr,;L,jnout  tfir:  T 1 " d Pivur  basin,  be  iri;  I •■"ir'n  t J . m:  l(*ni.'-  • 

• Tk  pl  ir  will  br  in  a ■ ...r  danee  with  the  R-^dera  I Watft  P'dluti  a:  ■ I ••  • 

I"-!'"  ts  '..f  197?  (t.l.  9i-b00),  adn",  i n i stared  by  ‘he  U . . Env  i ronn.n, ; a I • ■ - 

‘i..n  Ageriey,  and  will  include; 

(I)  Continuing  improvement  of  the  State's  water  quality  mm  ntTTifnt 
nr  ,r  n'  with  provision',  ‘or  the  Fedet  il  i /ornmont  to  provi  1i  up  to  SO  p-.  tron'' 

1'  II  ; r I -t-'ic  r t^oornmnn  f i I i 'tv,  * mi  rr  viMinv  fhi,'  r ■ 

>,  ilifi',.  13  in.livit,-:  P thr-  h.j'.in  w I'-T  tu  1 1 i t , m m .jQornen  t plit. 

(~)  ; l ic-il  ur,i‘-,  . f : ' \T  rir-mnl  '.iti'  ; j 

n'.'cessarv  to  elimin.ite  t‘’'f’  probleri  of  pollution  iJue  to  st-orrwater  rurn.ft  *r 
''r-ibip..i  '.ewers. 

b.  Th  it  th'  • '.-■ral  .government,  on  .a  ti",,  ly  basis,  pr.-vidi  ti'  r i I 

r.si-.tincp  to  rhi'  t.itc  V't  its  I oc  1 1 units  o‘  ,|Overnm.'nt  to  help  i’'i:l,":'-  " 

plan  under  current  .;ost  shirinq  arrannoments . Tfio  current  rode’ml  ,hit,  * 

; ta  I 'ost  of  In.al  wast'^w  iter  tre.itment  ficilitios  is  7S  percent.  "h.  • * • 

cost  to  implement  tfm  Interim  Water  Quality  Management  Pl.m  ‘ r; I ■’ 

I07S  i ts.'t.onn.nno;  from  |07h  to  1^80,  $50,000,000;  and  from  |O«0  t ■ I , 
$50,000,000. 

c.  That  Sections  40?  and  404  of  P.i  . 9?-h00  regarding  disrharqr,' 
permits  be  enforced.  Under  Section  402  of  P.L. 92-500,  no  discharge  frot”  at', 
point  to  navigable  waters  is  allowed  without  a permit  issued  bv  the  Statr  , 
subject  to  review  and  concurrence  by  the  I nv i ronmenta I Protection  Agency. 

se  tiop  404  :f  P.L.  9?-‘'00  luthorices  the  Corps  of  [mqineers  to  issu''  r''rri* 
f r the  dispos.il  f drt'dned  . r ^ill  material  t.  'lavigaM"  waters  a*  sp"'  i‘i 


i!'.-.  -il  'jubject  to  review  and  concurrence  of  trie  f.nv  i ronment  u I Pro- 

Tev_  t i -n  Agency  . 

J.  Thar  the  Michigan  Water  Resources  Corrim  i ss  ion  ' s existing  programs 
t-  pr'i'vent  ana  correct  unlawful  industrial  discharges  tie  enforced. 

e.  That  an  applied  research  program  costing  an  .•atimated  i.', 000, 000, 
be  if'Stifuted  to  investigate  the  applicability  of  advanced  and  currently  .-x- 
ceri mental  waste  treatment  processes  including  land  disposal  for  the  Orand 
■ ■ Pas  ill,  fo  meet  pcst  198!)  water  quality  needs. 


Water  Supply 

Water  supply  investigations  conducted  in  connection  with  the  Grand 
Riv.'t'  Basin  Study  indicate  that  communities  in  fhe  basin  are  not  expected  to 
■ Pi'ri.'nce  iny  serious  wat>'r  supply  shortaqes  within  the  next  10-  to  l‘’-vears 
• ! net  until  about  the  year  ?000.  fionsequenf  I \ , Plan  B includes  no  rt'cer'- 
'•'■■nda*  ions  in  renard  to  enhancing  water  supply  resources  in  the  basin  to  meet 
f 1 f aft-  needs  . 


\'iMay  Preservation  and  Recreation 
I . Valley  Preservation 

The  va I I cv  preserve  system  PKin  B has  adopted,  if  implemented, 
uM:  (M  prest'rve  featurt's  of  fhe  flood  plain  w 'rth\  of  beinq  preserved 

in  their  natural  statt':  0“’)  provide  flood  plain  areas  for  low  key  recreati>" 
(tiuntim;,  fish  inn,  hiking,  and  p icn  ick  i ng ) ; and  prevent  buildings  and 
■fii.'r  facilities,  which  would  be  subject  t ' major  flood  dahianes,  from  being 
t'rected  within  the*  flood  plain. 


Plan  R recommends: 

That  a valley  preserve  system  be  implemented  by  the  State  of 
‘•'irhlqan  on  the  following  streams  as  described  below. 

(I)  The  Grand  River  downstream  from  the  mouth  of  the  Portage 


Rivi'r . 


(?)  The  Red  Cedar  River  downstream  from  the  west  city  limit 


of  Willi amston . 

(^) 


The  Lookinqqiass  River  downstream  from  the  west  city  I i"-!  t 


(4)  The  M.-ipl-'  River  downstrearr.  'r  ■'■he  east  boundar/  of  ffie  ’-''jple 
River  State  Game  Area. 

(5)  The  Flat  River  downstream  from  fhe  east  boundary  of  the  Langston 
State  Game  Area. 

(6)  The  Rogui'  River  downsfrv.-jr  fro'^  t h..,-  north  boundary  of  1 Tk-  gj<- 
River  State  Game  Area. 

(7)  The  Tivrria;  p I e I'iver  dcv\  r,L,-t  r^  j"  from  t h.e  west  city  lin.i'  ? 

■‘..ishv  i I If. 

(3 ) ■''ho  I iw  1 • r -■  i ver  di  A-'  . ‘ r<  -r,  r,  t ou  t 1 < ' ■ f J'.- 1 r . : - ■ . 

I mp  I nt,i  t ion  .■*  vjIIj'v  Dreserv.-  syst<-m  w aid  rr-v'end  in  four  d • : M) 

dev  i 3n  i*  i - p ; (.■)  . 'it.;;  (')  provision  of  public  access;  and  (4)  devtl 
f public  u- ^ . L ;n.i-  I iiit-arest  in  lands  would  t--  acquired  on  I y « i ' h t ts 


f t p;e  Own-  -r  . Th.  ■,  i II 


ui-rv.'  -.VitefT:  w uid  i^d  f .upproy  i".:  ,, 


''lbs  f riv.>r  fr  ''n"  b ' • I above  sfr--a'^^-  a i'dicated  ori  (i;jr  , 

paj.  ,-3f. 

b.  R-^cr.  I ‘ i.  I 

Fdar.  li  i..  'Tr ',U;j  that  th.  nine  r.  r.-)!i-,i.  nodes,  di  s-r  i I...  ■ ; i- 
Section  V,  conprisin-g  j t t;l  of  approx  i'^at.,>  I y 2'  ,000  acres  be.  implt"-.’  ‘ : 
the  State  of  Michigan  withiri  the  I97T  thru  1984  tirii.  frame.  The  nim;  r- 
would  be  in  con.'erf  with  the  va  II  ■ y preserve  system  and  would  a I so  previ  !■ 
low  Key  recreation. 


c . ttonefits  and  Costs 

It  is  estimated  that  total  vi'itation  to  rerroa+ion  a.tivili  ■ . 
initiallv,  would  approach  2,194,000  recreation  d<ays.  Ultimately,  I;  t il  .!■!- 
tation  is  expected  to  approach  approx  i ma  ■'o  I y h,‘.44,000  recreation  days. 

Total  cost  of  the  two  proqrams  is  csti'-atod  •’t  ?'’0,"’lf  ,000  ( ■■  e 
Tible  .-18).  Total  r..-roati..n  avera  ;e  annu.il  tuinefits*  are  estimated  i* 
i3, 410, 000;  total  average  'snual  -os''''.  ar.  .-st  i r- a t . ■ ' at  1 ^,''07,000. 


*lt  Is  estimated  that  up  to  25  percent  of  basi-  ’ , rural  flood  damages  e.,ld 

be  prevented  between  1974  and  1984  by  imp  I em«>nt  i nq  the  Valley  preserve  sys'^em. 


•J . Fish  jnd  Wildlife 


The  major  thrust  of  the  fish  and  wildlife  program  included  in  Plan  B is 
fowird  the  preservation  and  wise  use  of  the  Grand  River  basin  with  the  objectiv.'  i 

of  providing  a mix  of  the  natural  scene  with  modest  recreational  facilities.  A 

AO  I I planned  and  coordinated  program  could  provide  maximum  use  of  bas i n . resources  ij 

A’alt;  "la  i n t a i n i ng  it  in  a natural  and  aesthetically  pleasing  condition.  Bt^th  the  j 

’ ‘'I  jrul  non-hunter  will  profit.  The  following  recommendations  are  aimed  at  ; 

. ' 'V  i lino  fht'  maximum  use.  ^ 

Plan  n recommends; 

1.  That  the  on-going  acguisition  program  of  State  game  lands  be  main-  j 

r jined  to  197b  as  projected  by  the  Wildlife  Division  of  the  Michigan  Department  ^ 

t Nitural  Resources.  j 

b.  That  an  accelerated  program  of  acguisition  of  the  70,000  acres  of  g 

1 i>:.i  ■ i,-edod  fo  meet  ttie  State's  goal  acreage  for  the  19  State  game  areas  in  the 

; ' i'  , b'>  iriitiated  not  later  than  1975  and  be  completed  by  1985.  At  least  85  ' 

: ■ • ■ ■ -t  I!,.'  estimated  cost  of  il4,000,000  could  come  from  Federal  sources.  i 

ihaf  the  State's  intensified  on-going  warmwater  and  trout  fishery 
:r  f,-r  contro  I I i ng  rough  fish  populations  in  trout  waters  and  the  lake  and  ' 

It  !'•  r Ijmjflon  program  be  continued.  7 

d.  that  the  valley  preserve  program  for  providing  access  be  implemented  !■ 

-f.'ci  ,ti-lv  so  that  the  tull  benefits  of  the  i n tens  i f i t.'d  on-going  fisheries  pro- 
:r  i"i  rid  th.  developing  anadromous  fishery  program  can  be  realized. 

■ . That  the  combination  of  fish  passa«ie  and  darii  removal  program  U'.  - )■ 

.■ribed  in  Section  V be  implt3mented  not  later  than  1973  starting  with  the  Grand  t 

u.'ids  vlam  and  working  upstream.  r 

f.  That  top  priority  be  given  to  implementation  of  the  Interim  Water  | 

.iiilily  Minagement  Plan  for  the  basin  so  that  the  fishery  benefits  associated  T 

i ' h r-.,-,,mmendaf  ions  "c",  "d",  and  "e"  can  be  realized. 

).  That  private  conservation  organi zations  as  well  as  all  levels  of  i 

J 

a ivernnent  be  encouraged  to  acguire  or  control  and  preserve  unigue  areas  and  | 

vjidibit'  fish  and  wildlife  habitat.  | 

h.  That  the  Water  Bank  Program  (P.L.  91-599)  of  the  Agricultural  j 

Stabi I ization  Conservation  Service  be  implemented  not  later  than  1973  with 
first  priority  being  given  to  those  wetlands  where  a confl ict  exists  between 


VI -4 


‘ t*-i.  .ir-  • i 


i If"  i -i-i  I t'lJfd  I pra^U  .O'j  ar;J  fho  rr.in  jqr>rr'en+  ind 
wildlife  purposes . 


I.  That  tax  relief,  cost  sharing  programs,  easements,  and  other 
f'-'on'  be  devised  .mi  legislation  passed  if  necessary  to  provide  mor.-tarv  '■ 
crenfives  to  landowners  to  m.anage  their  land  for  fish  and  wildlife  purpi  • 

j.  That  .1  fi.dfral  grant  program  be  ins+ifufed  mai-ing  f:;-  i :v  ; i I ; 
to  gualified  biolopists  t to  either  in.dividuals  or  to  agencies)  t.  ♦ij.i',  ■■  ; 
survey  the  wetlands  and  f actors  rr-lated  to  tht'  Oreater  'iandhill  n i r- • I 
aro'inds  known  to  evi.  f in  the  basit.  with  spe~i.il  •'rripbi-  is  or  the  ' r‘  I ■ 
reia  ii\n . 

k.  That  .'■on  s i derat  ion  be  given  to  some  type  of  user  fee  ‘ r .ul-l' 
land'-,  where  one  intr-rest  is  supporting  use  by  other  interests;  e.g.,  ''t  it- 
game  areas  are  firsanced  with  fishing  and  hunting  fees  but  are  used  bv 
■^on-sportsmen . 

l.  I h.'it  I special  wetlands  fund  he  est.ab I i ■ ^'ori  fr- m bo'"'  ' i‘ 

'■  ' ral  sources  to  provide  for  the  aoguisition,  or  lease  of  produotiv.  w *- 
l.inds  identified  in  the  study  and  cite)  in  recommendation  "p"  b«  low. 

m.  That  cons  iderat  ion  be  given  bo  the  e<\i  ibiisbm  • t of  i "i-i  ! i 
')tate-Federa  I private  agency  with  respons  i b i I i t i o-s  to  manage  waterb  wl,  Hr- 
Sandhill  Crane,  and  aouatic  animals  in  the  Portage  Lakes  region. 

n.  That  legislation  he  enacted  or  existing  laws  he  i mp  I en-en-'vd  ‘ 
prohibit  the  dredging,  filling  and  altering  of  wetlands  bv  both  priv.)'^.-  r' ' 
public  agencies  without  a permit  from  the  State. 

o.  That  10,000  acres  of  the  31,000  acres  of  stream  associafed  wet 
lands  delineated  on  the  fish  and  wildlife  map  be  acguired  by  the  State,  ir 
is  in  addition  to  those  wetlands  acguired  Incidental  to  the  valley  pr''serve 
program  or  as  part  of  the  goal  acreage  for  the  State  game  areas. 

p.  That  the  State  complete,  not  later  than  levT^  inv('rfor,  f 
the  extent  and  gualitv  of  the  wetlands  in  the  h.isin  so  +h,it  this  i i' for''- 1 *■  i 
can  be  used  in  wildlife  management  planning. 


5 . Flood  Damage  Reduction 

Plan  B provides  for  a ninimum  of  structural  flood  protection  works. 
Therefore,  local  units  of  government  should  actively  promote  and  er for  e the 
jse  of  non-structura  I programs  and  techniques  to  reduce  h|ood  damanes  in  ‘‘'f- 
basin.  Non-structura 1 flood  damage  reduction  programs  include  land  use  regu- 
lations, flood  proo'^ing,  permanent  evacuation  of  the  flood  plain,  flood  warning 
systems,  and  I nod  insurance.  The  non-structura  I flood  damage  reduction  recom- 
n-endations  bi-lcw  art>  in  concert  with  those  for  the  valley  preserve  sys+e". 

Plan  B recommends; 

j.  That  local  offic'als  implement  and  enforce  necessary  regulations 
in  order  to  provide  flood  damage  reductions  during  flooding. 

2.  That  authority  be  granted  to  the  State  to  implement  and  entorce 

necessarv  regulations  if  local  officials  tail  to  do  so  in  a reasonable  length 

■ f rffTiR  in  accordance  with  the  State's  Shorelands  Protection  and  Management 
Act  (Act  245,  Michigan  Public  Acts  of  1970). 

c.  That  the  Congress  provide  sutficient  funds  to  carry  out  existing 

fl.-od  firecashing  program.s  and  accelerate  the  flood  hazard  and  flood  plain 

information  programs. 

d.  That  the  Federal  goyorn^ent  carefully  consider  Federal  support 
‘ programs  which  call  for  the  imp  | emf-ntat  ion  of  non-structur^  I a I tefti  a"'' i 

us  methods  of  reducing  and  preven+inc  f|.  ..j  damages  in  the  Grand  River  basin. 

The  overall  cost  to  implement  necessary  non-structura I measur- . 
in  the  Grand  River  basin  has  not  been  established. 


1 
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6 . Upstream  Watershed  and  Land  Treatment  Programs 
' Plan  B provides  for  six  upstream  watersheds  that  need  development 
within  the  next  10-  to  15-years:  Upper  Maple  River,  Hayworth  Creek,  Stoney 

Creek,  Rogue  River,  Perry  Creek  and  Libhart  Creek  (see  Figure  Vl-I).  ^hese 
early-action  watersheds  can  be  developed  when  sponsored  by  qualified  uri*s  ■ f 
governemnt.  The  scope  and  purpose  of  these  projects  will  be  dependent  upori  tr.- 
objectives  of  the  sponsoring  organ iza f ions  and  local  residents. 

Plan  B recommends: 

a.  That  structure  I works  of  improvement  in  the  6 watersheds  De  in- 
stalled, including:  135.3  miles  of  multiple-purpose  (flood  prevention  a'-c 

drainage)  channel  work;  one  single-purpose  flood  prevention  structure;  and 
multiple-purpose  structures  as  described  on  pages  V-273  thru  V-278. 

The  installation  cost  of  these  proposed  structural  rr.easures  i^ 
estimated  at  $18,029,300.  Total  average  annual  benefits  are  estimated  it 
$2,726,600.  Total  average  annual  costs  are  $1,218,459.  The  resulting  be: ef i * - 
cost  ratio  Is  2.24:1.  Under  provisions  of  the  Watershed  Protection  and  ^1 
Prevention  Act  (PL  83-566,  as  amended)  qualified  sponsors  would  be  eligible  ^ t 
technical  assistance  for  the  design,  and  cost-sharing  assistance  for  tne  cor - 
struct  ion  of  these  structural  measures. 

b.  That  a 10-year  accelerated  land  treatmer. f program  in  the  6 upstreuf 
watersheds  and  in  the  remainder  of  the  basin  be  carried  out.  This  progro"' 
would  provide  adequate  treatment  for  88,000  acres  in  ttie  6 watersheds  at  at. 
estimated  cost  of  $4,869,600.  Land  treatm.ent  would  he  provided  to  another 

35b,  200  acres  in  the  remainder  of  the  basin  at  an  estimated  cost  of  $19, 

Thti  total  cost  of  the  accelerated  land  treatment  program  is  estimated  at 
$24,643,000.  The  treatment  program  would  reduce  excessive  runoff,  erosi  'r, 
and  sedimentation,  and  would  enhance  env i ronmenta I . qua  I i ty  in  the  Grand  Riven 
be  s i n . 

c.  That  technical  assistance  programs  for  urban  areas  be  institufnq 
in  order  to  protect  soil  and  water  resources  and  to  provide  opportunity  ^or 
to  live  in  harmony  with  his  natural  environment.  The  programs  would  ir.  lud'-: 

(I)  A 10-year  urban  soil  and  wafer  conservation  program  + tv.  • ' 
problems  of  poor  land  use  and  erosion  in  urban  areas  throuqhout  the  basin. 
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The  cost  of  this  portion  of  the  technical  assistance  Drogram  is  estinated  at 
S800,000.  It  would  be  imp | emenTed  through  the  Soil  Conservarion  Uistri  * ■> 
cooperation  with  the  Soil  Conservation  Service,  USUA. 

(2)  A lO-yoar  urban  and  comnunitv  forestry  assistance  program 
with  emphasis  on  the  Grand  Rapids  and  Lansing  areas.  The  cost  of  the  forestry 
program  is  estimated  to  be  S600,000.  The  Forest  Service,  USDA , would  oe  e.sir, 
leadership  in  this  orogram  in  cooperation  with  the  Michigan  Department  ‘ ■ .r  : 

Resources . 

The  goals  of  the  unpan  technical  assistance  program  mjv  be 
achieved  through  proper  land  use  planning  designed  to  reduce  soil  erosion. 
maintain  water  Quality,  reduce  flood  damages,  improve  vegetative  cover,  and  en- 
hance natural  beauty.  This  program  will  provide  assistance  ■'•o  plann ir^g  beards, 
community  leaders,  and  developers  in  formulating  and  implementing  effective  land 
use  plans. 

d.  That  an  accelerated  program  b“  instituted  to  complete  Ihe  s<  i I 
surveys  throughout  the  basin  by  198b.  A total  of  I,  I 72,800  acres  would  be  sur- 
veyed through  the  National  Cooberative  Soil  Survey,  at  an  es+imateO  total  r,,iO 
of  S75I ,000. 

e.  lhaf  a 15-year  comprehensive  program  for  water  quality  m^ r i T.<r I no 
of  agricultural  pollutants  in  upstream  areas  be  instituted  at  an  estimated  cost 
of  $630,000.  The  water  quality  monitoring  program  would  be  implemented  by  the 
Soil  Conservation  Service  and  other  USDA  agencies  in  cooper  i+ion  with  tht-  ".  . 
Environmental  Protection  Agency  and  the  Michigan  Water  Resources  Commission. 

The  cost-sharing  arrangement  would  consist  of  75  percent  Federal  and  25  (v  t-cort 
non-Pederal.  This  program  would  monitor  sediment,  bacteria,  nitrates,  phespha-*' 
chlorides,  and  other  pollutants  discharged  as  a result  i*  agricultural  produ.  ‘1 
processes  for  the  1 5-year  period.  In  addition,  - mprehens i ve  surveys  t il  ,■ 
land  use  conditions,  fertiliser  and  pesticide  ap.-.licati  • , .anc  livest.  i-  p.pijla- 
ficn  would  be  conducted  in  areas  upstream  from  the  m..ni+oring  point,.  'i  i I : 
provide  information  on  land  use  and  management  conditions  as  they  at  tec*  guantit 
rf  various  pollutants  carried  in  the  surface  water;-.. 

f.  That  the  accelera‘'ed  land  treatment  proar  am  b*’  .a.ti'  uf  d ‘ * 

post  I9A5  needs.  Through  this  progr-ar,  it  i-.  t i wi,-)*-, . < .< 

Ian;;  tre.itm.'nt  neeils  would  be  s.atis‘ied  by  ‘he  y.-ar 


ine  p<  t • i • 


^.1  jrjm  would  be  applied  within  the  6 early-action  watersheds.  The  other  prrti  • 
A.uld  be  applied  in  the  remainder  of  the  basin. 


g.  That  the  technical  assistance  program  for  urban  areas  be  continocu 
t meet  post  1985  needs.  Results  of  accomplishments  during  the  tarly  Action 
fi'agram  would  be  reviewed  in  order  to  prepare  a detailed  program  and  budget 

i.-  . ■ i"  ites. 

h.  That  a review  and  evaluation  of  the  cooperative  agricultural  ..awt 
^^.ality  monitoring  program  be  conducted  at  the  close  of  me  !5-year  period. 

Liata  collected  and  analyses  completed  to  that  date  would  be  reviewed  to  deu-r- 
"line  future  program  activities  and  funding  levels. 


7.  Electric  Power 

The  Grand  River  basin  is  cirrently  an  importer  of  electric  energy  and 
i (..‘Xpected  to  continue  to  be  within  the  time  frame  of  this  study.  Addiii  n.i  I 
^■lectric  power  demands  in  the  basin  can  be  met  by  drawing  from  sources  IOv,aK-u 
outside  of  the  basin.  Consequen+ 1 y , Plan  B includes  no  pr'ovisions  for  i ti  rea-  i 
ttie  overall  capacity  of  electric  power  plants  in  the  Grand  River  basin  to  mwi 
future  needs. 
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8.  Ndv i gdt ion 

The  existing  and  future  utilization  of  the  Grand  River  in  the  intereit 
of  recreational  and  commercial  navigation  Is  being  investigated.  An  on-goIng 
study  authorized  by  a House  Public  Works  Committee  Resolution  adopted  I March 
1950,  will  investigate  the  need  for  improving  the  Grand  River  in  regard  to  com- 
mercial navigation.  Another  on-going  study  authorized  by  a House  Public  Works 
Committee  Resolution  adopted  9 April  1957,  will  cover  the  recreation  boafing 
aspect  of  'lavigdficn  on  the  Grand  River. 

Preliminary  investigations  indicate  that  further  improvement  of  Grand 
Haven  Harbor  and  the  lower  reach  of  the  Grand  River  up  to  the  Bass  River  for  Cfim 
mercial  navigation  appear  to  have  some  economic  justification.  Thus,  providi'  , 
appropriate  studies  are  coordinated  to  determine  economic  justification,  the  .-x- 
tent  of  Federal  interest  and  +he  applicability  of  cost-sharing,  and  other  factor 
Plan  B i ndorses  provisions  for  improving  the  Grand  River  in  regard  to  commercial 
and  recreational  navigation  as  described  on  pages  V-.787  and  V-268. 
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289,173,400  I !I78,455,«00  1110, 245, 100 


StTTION  V I I 
iMPLrMrNTA'ior- 

The  ''■.she  of  '■‘ichigan  and  local  govt^r  rirriGn  fa  I entities  have  The  basi^ 

:>ns  i b i I i t'y  for  tht;  initiation,  if^p  k-f^iontation  , operation  an'.  ^ j i r'!.-'- 
, ‘ the  r-’^can''.  ',  :ed  procrans  of  Plan  B.  Even  ir  those  areas  w'-’-ro  i 
:j>'nry  nor'".,k  1 ; ce'-'^-r^ns  the  detailed  planning  and  construct!  • ‘us 

‘ r •!'‘-''se  i_*i.iti,-s  "'uut  originate  'Aith  those  b-‘npfitt?d  bv  ‘‘k  ^ : 

‘ jw I I i t i es  . 

Dafj  ;■  pr_'j  ■ +s  and  programs  in>'ludei  ir  +be  1 0-  t l‘-\’  • ; I are 
'h'  i ‘ f ‘he  scope  requiC'  bv  th--  applicable  agenci-  ‘ i : ‘ 

>'Ci--ian-  ,■  - erri'T  proj'ect  selections  mJ  engineering  ard  'n  • :1- 

‘'lit..  •’  .V  , t"-.'  data  must  be  ref  i ‘ • a by  cet a i I t-d  p I ann  in;  : ; ■ ; . 

r_.'ies  ne,;ess,iry  1 establish  final  desigr  features  of  the  pr  ir-  • -np  t r" 

: ; jsis  t'c  ‘inal  r.  - - f ruct  i on  plans  and  spr- ; i t i cat  i,  ns  . 

’’h.-sr  p'-^Jecti  and  programs  in  tht-  lO-  t.  I' -yrar  plan  !•  Ahi  n a 

■tr.'v  has  pri"'ary  resbons  i b i I i ty  in  planning  and  assisting  will  hr  t''-  -ted 
i - dOencv  repor"^  for  appropt  iafo  if-p  lemont.i  f ior . these  Of  'gr,.-"-  a ..  ;‘> 

i''.'!  -•■hted  .vn.ir;  funds  are  available'  i-d  th--  requiri.'l  local  coorera'i  n i 
‘ a I ‘ ; I I eJ  . 

Individual-,  orivatt'  busiresst'  , ir  : 1-i.al  Jevel  ;.nent;l  •-.I  - ; 

- jnj  ;.>d  t }'-,e  tienelv  sfep"-.  to  impl-'meht  ft.-  non-qovernm-'^'ta  I f-  ■‘.a  ■ ‘ 

. I ; A-i  ar-'-  ne. -n^sary  for  rea  I i .’-i  t i • f it-:  ful  I ben-’-^ie  . 

t*'-'  ' -d  • il  shjrn  .'f  the  cost  of  f-ie  pr-gra'ns  in.  1 uded  in  th---  n i.- 

i - .,1a-  w-ild  be  provided  in  .accordance  wit‘-  laws  and  rt'dul  -‘ic-  | 

‘ th-'  ti".,'  , ‘ i i ran.,  i n.-; . vVhnjri'  Fed'-ral  i:si  if..'  i-  neede  i • •'  I'l''  ■' 
r.  i : , r t-  non-rederal  share  of  pr-oject  nJ  progra-  . a-k  , r '■  ; ,•  t 

t-  ‘.'d.'ral  governn'-ant  would  be  mad-,'  bv  n.-'n-Feder  a I intrra"-ts  in  !.  , rda-.. 
wi^h  laws  and  regulations  applicabk-  a1  that  time. 


